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ABSTRACT 
MARY NAHM GARRETT:  Enantioselective Metallophosphite-Catalyzed Nucleophilic 
Acylation of α, β-Unsaturated Amides and Nitrones 
(Under the direction of Jeffrey Scott Johnson) 
 
I.   Metallophosphite-Induced Nucleophilic Acylation of α,β-Unsaturated Amides: 
Facilitated Catalysis by a Diastereoselective Retro-[1,4]-Brook Rearrangement 
    Metallophosphite-catalyzed intermolecular alkene acylation reactions between acyl silanes 
and α,β-unsaturated amides have been developed. These reactions yield α-silyl-γ-ketoamides 
with high diastereoselectivity; desilylation affords the corresponding γ-ketoamides.  The α-
silyl amide products can be derivatized to give either the (Z)- or (E)-α,β-unsaturated 
ketoamides, via the corresponding α-bromo-γ-ketoamide, which is also an isolable product. 
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II.   Metallophosphite-Catalyzed Asymmetric Acylation of α,β-Unsaturated Amides 
    The l-menthone-derived TADDOL phosphite 6b catalyzes highly enantioselective 
conjugate additions of acyl silanes to α,β-unsaturated amides.  p-Methoxybenzoyl 
cyclohexyldimethylsilane adds to a variety of N,N-dimethyl acrylamide derivatives in the 
 
iv
presence of the lithium salt of 6b.  In many instances the α-silyl-γ-ketoamide product 
undergoes facile enantioenrichment (to 97-99% ee) upon recrystallization.  Desylilyation 
with HF·pyr affords the formal Stetter addition products.  Baeyer-Villiger oxidation of the 
desilylated γ-ketoamides affords useful ester products.  An X-ray diffraction study of 6b 
reveals that the isopropyl group of the menthone ketal influences the position of the syn-
pseudoaxial phenyl group in the TADDOL structure.  Through a crossover experiment, the 
silicon migration step in the reaction mechanism is shown to be strictly intramolecular. 
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III.   Enantioselective Metallophosphite-Catalyzed Acylation of Nitrones to Yield N- 
    Silyloxy-α-Amino Ketones 
    Metallophosphites can efficiently catalyze the asymmetric acylation of nitrones to furnish 
N-silyloxy-α-amino ketones in high yields and excellent enantioselectivities.  Further 
applications of these aza-benzoin condensation products involve the reduction of the N-
silyloxy-α-amino ketones to secondary α-amino ketones. 
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CHAPTER I 
METALLOPHOSPHITE-INDUCED NUCLEOPHILIC ACYLATION OF 
α,β-UNSATURATED AMIDES: FACILITATED CATALYSIS BY A 
DIASTEROSELECTIVE RETRO [1,4] BROOK REARRANGEMENT 
 
1.1   Introduction 
    An introductory course in organic chemistry identifies the union of oppositely charged 
species as a common bond forming event.  Many synthetic approaches have been developed 
that rely on this donor/acceptor relationship to access a target compound.1,2  A classic 
example of this reactivity is the addition of an enolate to either an aldehyde or an α,β-
unsaturated carbonyl, to yield β-hydroxy ketones and 1,5-dicarbonyl compounds, 
respectively.  Both of these molecular transformations hinge on the inherent polarization of 
the enolate and electrophile.  However, retro-synthetic examination of α-hydroxy ketones 
reveals bond formation between two carbonyl carbon atoms bearing a partial positive charge, 
demonstrating unconventional polarity.  Analogously, 1,4-dicarbonyl compounds can be 
envisioned as the combination of a carbonyl carbon bearing a partial positive charge and an 
electrophilic α,β-unsaturated carbonyl compound, or Michael acceptor.  Aldehydes cannot be 
deprotonated to provide the negatively charged carbonyl carbon, or acyl anion , necessary for 
nucleophilic addition to either acceptor in the synthesis of α-hydroxy ketones or 
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1,4-dicarbonyl compounds (Scheme 1-1).  Therefore, umpolung reactivity, or polarity 
reversal, must be employed to obtain the requisite nucleophilic carbonyl carbon.3 
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Scheme 1-1. Acyl Anion Addition to Carbonyl and Michael Acceptors 
 
    Umpolung reactivity is a practical and effective strategy to access products of otherwise 
unconventional polarization combinations.  Dithianes and cyanohydrins are a representative 
class of umpolung reagents that mask the carbonyl functionality of aldehydes and form the 
carbanion derivative via deprotonation by a strong base.4  After nucleophilic addition of the 
acyl anion equivalent to an electrophile, several deprotection protocols can be employed to 
reveal the carbonyl functional group.  While these methods are highly effective in organic 
transformations, they require several synthetic steps to pre-activate and expose the carbonyl 
group after the desired reactivity.5  This route is far less straightforward than the 
aforementioned enolate chemistry. 
1.2   Acyl Anion Catalysis 
    Methods to catalytically reverse the polarity of a carbonyl group have been employed to 
attain an acyl anion equivalent in situ, alleviating the need to mask and unmask the carbonyl 
functional group.  This modification improves the step economy of the desired 
transformation, thence, the overall reaction yield.5  The prototypical catalytic reaction type 
involves the use of cyanide (Scheme 1-2, eq 1) or heterazolium carbenes (Scheme 1-2, eq 2) 
as umpolung catalysts.2,5,6  The heterazolium carbene is generated by deprotonation of the 
analogous salt.  After addition of the carbene to an aldehyde, the polarity of the carbonyl 
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carbon is inverted upon formation of the enamine known as the Breslow intermediate (1, eq 
2).  This adaptation provides the desired nucleophilic carbonyl character, or acyl anion, 
which can then be trapped by an electrophile.7  
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Scheme 1-2.  Acyl Anion Catalysis 
    The conjugate addition of acyl anion equivalents to α,β-unsaturated carbonyls is a useful 
and direct approach to the synthesis of 1,4-dicarbonyl compounds that can simultaneously 
introduce two new stereocenters.8  Cyanide and carbenes have demonstrated success in the 
benzoin condensation and the Stetter reaction,7-11 for the acylation of aldehydes and α,β-
unsaturated carbonyl compounds, respectively.  The Stetter reaction has undergone some 
significant improvements in enantioselectivity and scope in a body of work by Rovis and co-
workers that now stands as the standard in this family of reactions.12-16  Their optimized 
process uses a carbene, formed via deprotonation of a chiral triazolium salt, to acylate a 
tethered Michael acceptor containing a prochiral alkene.  This route lends itself to a number 
of α,β-unsaturated ester and ketone acceptors delivering the annulated products in high yield 
and enantioselectivity (Scheme 1-3).  Miller uses thiazolium carbenes to achieve similar 
enantioenriched cyclic products in variable yields (Scheme 1-3).17  The success of the 
intermolecular Stetter reaction with achiral catalysts has been largely limited to aryl or 
unsubstituted6 substrates.  Acceptors bearing a β-alkyl group normally offer the 1,4-addition 
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product in 30-40% yield.18-23  High enantioselectivities in the intermolecular Stetter reaction 
have also been elusive. 
R1
H
O
X CO2R2
R1
O
X
CO2R2
N
N
N
O
Ar
BF4catalyst
63-95%, 82-97% ee
catalyst:
25 °C N
H
Me
O H
N
O
NHBoc
R
NS Me I
20-67%, 55-81% ee
 
Scheme 1-3.  Asymmetric Intramolecular Stetter Reaction 
    The current benchmark for the asymmetric intermolecular Stetter reaction has been 
established by Enders in the thiazolium carbene-catalyzed addition of butanal to chalcone 
yielding the 1,4-diketone in 4% yield and 39% ee (eq 3).24  These results, while encouraging, 
require improvement to become synthetically useful. 
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1.3   Acyl Silanes as Acyl Donors  
    In parallel with the development of aldehydes as acyl donors for conjugate additions, acyl 
silanes (2) have shown promise as suitable pro-nucleophiles in conjugate addition reactions.  
The synthesis of these acyl donors employs a dithiane umpolung reagent that is deprotonated 
and trapped by a chlorosilane electrophile (Scheme 1-4).  Acyl silanes are desirable starting 
materials because they are most often stable compounds that can be synthesized in 1-3 
steps,25,26 many of which provide product in nearly quantitative yield.  Another positive 
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feature of acyl silanes is their facile purification by using methods such as chromatography, 
distillation, and crystallization. 
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Scheme 1-4. Acyl Silane Synthesis 
    As in the classic Stetter reaction, cyanide and heterazolium carbenes can trigger the needed 
umpolung reactivity to provide the acyl anion equivalent.  Nucleophilic addition of cyanide 
or a carbene to an acyl silane promotes a silyl migration from the carbon atom to the oxygen 
atom, or [1,2]-Brook rearrangement,27,28 forming a (silyloxy)carbanion (3).  The driving 
force behind the silyl migration is formation of the stronger Si–O bond in which the catalyst 
can stabilize the (silyloxy)carbanion.  The acyl anion equivalent 3 is then prepared to 
undergo nucleophilic addition to an electrophile.  Our lab has previously developed the cross 
benzoin condensation by trapping 3 with an aldehyde to yield α-silyloxy ketones in high 
yields (Scheme 1-5).29  
R1 SiR'3
O
R1 CN
O SiR'3
R1 C
OSiR'3
M
N
[1,2]-Brook
rearrangement
M
M CN
R2 H
O
OSiR'3R1
OR2
CN
M
OR1
OSiR'3R2
CN
M
MCN
OR1
OSiR'3R2
2
3
 
Scheme 1-5.  The [1,2]-Brook Rearrangement in the Cross Silyl Benzoin Reaction 
 6
    In addition to the cross benzoin reaction, the [1,2]-Brook rearrangement reactivity of acyl 
silanes with nucleophilic catalysts has also been exploited in the intermolecular Stetter-type 
reaction.  ¯CN-catalyzed addition of acyl silanes to cyclic enones and acyclic acrylates was 
demonstrated by Degl'Innocenti (eq 4).30   Using thiazolium carbenes, Scheidt and co-
workers have catalyzed the addition of acyl silanes to a variety of β-substituted α,β-
unsaturated ketones and esters furnishing a new carbon-carbon bond in the 1,4-dicarbonyl 
compound in good yields (eq 5).31,32  The substrate scope of the latter process mirrors the 
classic Stetter reaction, and conjugate acceptors bearing a β-alkyl substituent, as well as an 
entioselective variant have not been reported. 
1.4   An Alternative Carbonyl-Umpolung Catalyst 
    Since the initiating steps in the catalytic processes previously mentioned involving acyl 
silanes are presumed to be carbonyl addition and [1,2]-Brook rearrangement, a pressing 
question related to catalysis was whether other entities might trigger these events.  It is of 
great interest to us to discover new techniques to generate acyl anion formation that might 
lend themselves to the intermolecular enantioselective synthesis of 1,4-dicarbonyl 
compounds.  Analysis of the catalytic cycle in the cross benzoin (Scheme 1-5) or Stetter 
R1 R3
R2 O
Ar SiMe3
O
NS
R
H
Et
Me
Br
R2 R3R1
O
OAr
DBU, iPrOH, THF
1)
30 mol %,
2) H2O
48-75% yield
(5)
SiMe3
O O O
O
Bu4N CN (10 mol %),
THF, -78°C, 1h
70% yield
(4)
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reaction illustrates three important roles that the catalyst plays.  First, the cyanide ion (or 
carbene) acts as a good nucleophile which adds to the carbonyl-carbon of the acyl silane.  
After [1,2]-Brook rearrangement forming the silyl cyanohydrin carbanion (3), cyanide then 
functions as an anion stabilizing group.  Finally, cyanide operates as a good leaving group 
regenerating the catalyst and yielding the desired product.  Metallophosphites have 
demonstrated the appropriate reactivity in these individual steps of the benzoin condensation 
catalytic cycle, thus, appear to be viable in the catalytic sila-Stetter reaction.  Reich and 
Takeda have shown that lithium phosphites add to acyl silanes and cause silicon migration to 
form a (silyloxy)phosphonate anion (4).33,34  The latter study was particularly relevant since a 
pendant α,β-unsaturated ester was employed to trap the nascent (siloxy)phosphonate anion to 
form the Michael addition product, 5.  This demonstrates the necessary nucleophilic addition 
of the metallophosphite to the acyl silane and subsequent fulfillment as an anion stabilizing 
group (eq 6).  Results by Zimmer and co-workers also demonstrate the stabilizing capacity of 
the phosphite bonded to the (silyloxy)carbanion (6, eq 7),35  as well as its leaving group 
ability to form α-siloxy-ketone 7. These studies facilitated our development of chiral 
metallophosphites as nucleophilic catalysts for acyl anion synthesis (vide infra). 
HPh
P
OTMS
O
OEt
EtO
TBS
O
CO2Me
P
OMe
OMeLi
O
Li
TBSO
P(OMe)2
O
CO2Me
LiPh
P
OTMS
O
OEt
EtO
R2R1
O
Ph
P
OTMS
O OEt
EtO
OLi
R2
R1
TBSO
P(OMe)2
MeO OLi
P
OEt
OEtLi
O
TBSO
P(OMe)2
CO2Me
Ph
O
OTMS
R2
R1
LDA, -60 °C
7, 73-94%
-80 °C
5, 55%
O O
(6)
(7)
4
6
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    Phosphites and phosphorous acid diamides are synthetically simple targets to prepare from 
inexpensive starting materials.36  There are numerous chiral diols, diamines, and amino 
alcohols that in a one-pot reaction can be exploited to form the backbone of the phosphite 
which may impart some enantiocontrol in a proposed reaction.  A final intriguing 
characteristic of metallophosphites is that they have readily tunable electronics that lend 
themselves to simple modifications for reaction optimization.   
1.5   Prior Success Using Metallophosphite Catalysis  
    Previous work from the Johnson lab has exploited these features of metallophosphites in 
developing the catalyzed cross silyl benzoin reaction.  The addition of acyl silanes to a 
number of aldehydes yield α-silyloxyketones in high yields and enantioselectivities (eq 8).36   
Reaction optimization established that a lithiated derivative of Enders (R,R)-TADDOL-
(α,α,α´,α´-tetraaryl-1,3-dioxolane-4,5-dimethanol)—phosphite (8) catalyzed the cross 
benzoin reaction most efficiently.  Modifying the electronics of the (R,R)-TADDOL used to 
synthesize the phosphite catalyst (8-2-FPh) remarkably increased the conversions, yields, 
and enantioselectivities of the desired products, illustrating the tunability of the catalyst.  
    It is with this prior success that we had envisioned extending metallophosphite catalysis to 
the nucleophilic acylation of α,β-unsaturated carbonyl compounds. This chapter addresses 
the aformentioned issues of low yields and low enantioselectivities previously obtained in the 
Stetter reaction, through development of the metallophosphite-catalyzed alkene acylation of 
O
TESR1
O
R2H
O
P
OO
O
Ar
Ar Ar
Ar
O
H
Me
Me
THF R
1 R
2
O
OTES25 °C
phosphite / nBuLi (5-20 mol%)
Ar = 2-FPh
65-87% yield
73-91% ee
(8)
when R1 and R2 = aryl,
8-2-FPh
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α,β-unsaturated amides.  These reactions are enabled by an unusual [1,2]-Brook 
rearrangement/conjugate addition/retro-[1,4]-Brook rearrangement sequence that proceeds 
with good anti diastereoselectivity and allows access to a range of stable α-silyl-γ-
ketoamides (Scheme 1-6). 
 
Scheme 1-6.  Metallophosphite-Catalyzed Alkene Acylation 
 
1.6   Results and Discussion     
    The conjugate addition of acyl silanes (benzoyl trimethylsilane, benzoyl triethylsilane, and 
benzoyl dimethylphenylsilane) to Michael acceptors (ethyl crotonate, methyl cinnamate, and 
cyclohexenone) catalyzed by the Enders phosphite (R,R)-8 and a pre-formed potassium-
phosphite (13)37 were initially screened (eq 9).  Very few reactions with methyl cinnamate 
and cyclohexenone substrates provided any reactivity.  Some results in the addition of 
benzoyl trimethylsilane to ethyl crotonate are compiled in Table 1-1. 
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Table 1-1.  Screen of Addition of Benzoyl Trimethylsilane to Ethyl Crotonatea 
Ph SiMe3
O
O
P
OO
O
Me
Me
Ph Ph
Ph Ph
O
H
Me OEt
O
Ph
O
Me O
OEt
base
sovent, temp.
14
(R,R)-8
(9)
O
P
OO
O
Me
Me
Ph Ph
Ph Ph
O
K
,18-c-6
13
phosphite
 
entry phosphite (mol %) base (mol %) solvent T (°C) % ee 
1 8 (20) nBuLi (20) THF -30 12 
2 8 (20) nBuLi (20) THF -78 -b 
3 8 (20) KH (25) THF -30 21 
4 8 (20) KH (10) THF -30 -b 
5 8 (20) KH (20) THF rt 35 
6 8 (20) nBuLi (20) THF rt NR 
7 8 (20) NaH THF rt NR 
8 13 (20) - THF rt 65 
9 13 (10) - THF rt -b 
10 13 (20) - THF rt 28 
11 13 (20) - THF rt 3 
12 8 (20) nBuLi (20) THF rt 4 
13 8 (20) nBuLi (20) THF rt 12 
14 8 (20) nBuLi (20) PhMe rt 12 
15 8 (20) nBuLi (20) Et2O rt -b 
 
a PhC(O)SiMe3 (1.0 equiv), MeCH=CHC(O)OEt (1.0 equiv). b No desired 
product was obtained.  
 
    While some reactions did give the enantioenriched desired product 14 (entry 8), none of 
the results were reproducible (entries 8, 10-11, and 12-13).  For this reason, the focus of the 
project shifted from achieving enantioselectivity in the nucleophilic acylation, to efficiently 
obtaining the racemic 1,4-dicarbonyl compound in reliable yields.  Thus, reaction conditions 
were examined using the racemic TADDOL-phosphite ((±)-8).  Of the bases screened in 
these reactions, again, potassium hydride gave the best reactivity; however, results were 
inconsistent and few reactions provided appreciable quantities of the desired acylation 
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product.  This inconsistency was attributed to the fact that potassium hydride can be variably 
contaminated with impurities that can exhibit a pronounced effect upon the desired chemical 
transformation.38,39    The 1H NMR spectra of the reactions typically revealed incorporation 
of the phosphite in the acyl silane/acceptor adduct, indicating that the proposed cycle was 
initiated, but not completed.  Exposure of the reaction mixture to tetrabutylammonium 
fluoride (TBAF) afforded the desired γ-ketoester.  Ethyl crotonate provided the best yields of 
the acceptors screened, but even under optimized conditions these were unacceptably low 
(≤37% of 14, eq 10). 
Ph SiMe3
O
O
P
OO
O
Me
Me
Ph Ph
Ph Ph
O
H
Me OEt
O
Ph
O
Me O
OEt
1)
(20 mol %),
KH (20 mol %)
C7H8, 25 °C, 2h
2) Bu4NF
14, 37%
(±)-8
(10)
Bu4NF
O
OEtMe
OPh
P
O
O
O
M
SiR3
15
 
    The low turnover and aforementioned observations suggested that enolate 11 did not 
undergo efficient silyl transfer halting the cycle after formation of 15.  We hoped that 
replacement of the unsaturated ester (X = OR) with an amide (X = NR2) would enhance the 
nucleophilicity of the derived enolate, promote the desired silyl transfer, and regenerate the 
metallophosphite catalyst.  A screen of reaction conditions employing piperidine and 
morpholine cinnamide derivatives indicated that lithium hexamethyldisilazide (LiN(SiMe3)2) 
was the most effective base, yielding the cleanest reactions.  Sodium and potassium were also 
investigated as counter ions, but yielded a complex mixture of products.  A dramatic solvent 
 12
effect was also noted in the alkene acylation.  While the cross silyl benzoin reaction 
performed best in tetrahydrofuran (THF), no conjugate addition was observed after 24 hours 
in THF.  Therefore, the presence of THF must hinder the addition of silyloxyphosphonate 
anion (10, Scheme 1-6) to the α,β-unsaturated carbonyl compound.  The metallophosphite-
catalyzed addition of acyl silanes to α,β-unsaturated amides proceeds with complete 
conversion in either diethyl ether or toluene.  It is unclear why THF would halt the catalytic 
process, but for optimization experiments, diethyl ether was used due to the ease of solvent 
removal after the reaction was complete.   
Table 1-2.  Catalytic Conjugate Addition of Acyl Silanes to Unsaturated Amidesa 
O
Ar SiR3
R' N
O
Z
Ar
O
N
R'
R"
O
Z
Bu4NF
(±)-8 (20 mol %),
LiN(SiMe3)2 (70 mol %)
Et2O, 25 °C, 0.5-3 h
R" = SiR3 (12)
R" = H (16)
 
entry Ar SiR3 R΄ Z d.r.b of 12 time (h) % yield
c 
1d Ph SiMe2Ph Me CH2 7:1 (12a) 
2 73 (16a) 
2 Ph SiMe2Ph Me O 4:1 (12b) 0.5 81 (16b) 
3 Ph SiMe2Ph Et CH2 1.3:1 (12c) 
0.75 74 (16c) 
4e Ph SiMe2Ph Ph O 10:1 (12d)f 0.5g 81 (16d) 
5e Ph SiMe2Ph 4-MeOPh O 11:1 (12e) 0.5
g 57 (16e) 
6e Ph SiMe2Ph 4-ClPh O 8:1 (12f) 0.5
g 80 (16f) 
7 Ph SiMe3 Me CH2 10:1 (12g) 
3 80 (16a) 
8 Ph SiEt3 Me CH2 4:1 (12h) 
2.5 91 (16a) 
9 4-MeOPh SiEt3 Me CH2 3.5:1 (12i) 
1 87 (16i) 
10 4-ClPh SiEt3 Me CH2 3:1 (12j) 
2 62 (16j) 
a ArC(O)SiR3 (1.0 equiv), R΄CH=CHC(O)NC4H8X (1.1 equiv) unless otherwise stated. 
b anti:syn as determined by 1H NMR spectroscopy unless otherwise stated. c Isolated 
yield of analytically pure 16; average of at least two experiments. d Phosphite catalyst 
loading = 10 mol %. e R΄CH=CHC(O)NC4H8O (1.5 equiv). f As determined by isolated 
yields. g Including slow addition of acyl silane to other reagents. 
    Evaluation of the hypothesis that enhancing the nucleophilicity of the enolate might 
promote the desired silyl transfer revealed that amides did indeed facilitate catalyst turnover 
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(Table 1-2).  We had expected that O→O [1,6]-silyl transfer to form a silylketene aminal 
might be energetically feasible, but were surprised to find that the O→C [1,4]-silyl transfer 
was dominant to the exclusion of the former.  Furthermore, the derived α-silyl amide was 
unexpectedly delivered with good diastereoselectivity in a number of cases.  Acceptors 
bearing a β-alkyl substituent for these metallophosphite-catalyzed reactions40 are now 
synthetically useful substrates that generate alkene acylation products in moderate to high 
yields (62-91%, entries 1-3 and 7-10).  A number of acyl silanes are competent in the 
addition and show only subtle changes in reactivity upon variation of the silyl group (entries 
1, 7, and 8), but exhibit more significant differences in reactivity between electron-rich and 
electron-poor acyl silanes (entries 9 and 10).     
    The α-silyl-γ-ketoamides 12 were stable and could be easily isolated by column 
chromatography.  We were naturally attracted to the stereospecific transformation of the 
functionalized silane to its derived secondary alcohol via Tamao-Fleming oxidation,41,42 but 
were aware of only two examples in the literature.  Mader reported the desired oxidation of  
α-silylesters with either β-hydroxy or protected β-amine substituents using bromine, 
peracetic acid, and acetic acid (eq 11).43  Panek and co-workers employed Hg(OAc)2 in 
peracetic acid to afford the α-hydroxyester also with complete retention of configuration (eq 
12).44  
REtO
O Br2, AcOH
AcOOH
X = O, R = CH(CH3)2
X = NCOPh, R = Ph
(11)
SiMe2Ph
XH
REtO
O
OH
XH
OMe
O
SiMe2Ph
OMe
O
OH
Hg(OAc)2, AcOOH (12)
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Attempts to activate the Csp3–Si bond via a variety of protocols listed in Scheme 1-7 led 
either to desilylation yielding 16, or bromination via cleavage of the Cα–Si bond. 
Ph
N
O OH
O
O
Tamao-Fleming
oxidation
Ar
Ph
N
O Me2SiPh
O
O
Ar
conditions examined: Br2, AcOH, AcOOH; Hg(OAc)2, AcOOH; KH, tBuOOH, DMF; KBr, AcOH, AcOOH, NaOAc;
HBF4 · OEt2; then AcOOH, AcOH, Et3N; Hg(O2CCF3)2, AcOH-TFA; then, AcOOH, AcOH; BF3 · 2AcOH; then AcOOH,
Et3N; Br2, m-CPBA; Oxone.
12
 
Scheme 1-7.  Tamao-Fleming Oxidation Conditions 
The α-bromo-γ-ketoamides 17d and 17f were obtained in 75% and 87% yield, respectively, 
with a diastereomeric ratio of 3:1 in each case (Scheme 1-8).  An X-ray diffraction study of 
17d revealed that the major diastereomer exhibits syn stereochemistry implying that the 
reaction proceeds with some inversion of the α-ketone stereocenter.45  Interestingly, addition 
of bromine to 12d in the absence of AcOH/AcO2H induces elimination to give the (Z)-α,β-
unsaturated ketoamide 18 exclusively in 96% yield (Scheme 1-8).  The olefin geometry was 
determined by NOESY analysis. 
Ph
N
O Br
O
O
12d: Ar = Ph (dr 10:1)
12f: Ar = p-ClPh (dr 8:1)
1 M Br2 in AcOH
AcOOH
Ar
Ph
N
O Me2SiPh
O
O
Ar
Ar yield syn:anti
Ph
p-ClPh
(17d)
(17f)
75%
87%
3:1
3:1
Ph N
O
O
OPh
Br2
CH2Cl2, 25 °C
12d 18
Ph
N
O Me2SiPh
O
O
Ph
96%
 
Scheme 1-8.  Functionalization of α-Silyl-γ-Ketoamide 
    Finally, we have found that this new catalyzed acylation provides an attractive platform for 
enantioselective catalysis.  The enantiopure Enders phosphite (R,R)-8 was employed and the 
major anti diastereomer was delivered in 60% ee, whereas the minor syn isomer was 
obtained in 74% ee (Scheme 1-9).  Desilylation gave γ-ketoamide 16d in 67% yield and 50% 
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ee.  Although the enantioselectivity is moderate, it already eclipses the highest 
enantioselectivity of which we are aware for intermolecular Stetter-type reactions (eq 3).  We 
further note that the structure of the TADDOL-phosphite is readily amenable to 
modifications that we believe will deliver more highly enantioselective catalysts. 
O
Ph SiMe2Ph
Ph N
O
O
Ph
O
N
Ph O
O
(R,R)-8 (20 mol %),
LiN(SiMe3)2 (20 mol %)
R
R ant i:syn % ee
SiMe2Ph (12d)
H (16d)
11:1 60%[a]/74%[b]
50%[c]
[a] anti isomer. [b] syn isomer. [c] 67% yield.
Bu4NF
1
2
3
4
Et2O, -35 → 25 °C
 
  Scheme 1-9.  Enantioselective Metallophosphite-Catalyzed Alkene Acylation. 
    Lithium salt additives, specifically lithium chloride, have been shown to increase 
enantioselectivity in the deprotonation of cyclic ketones and amides.46,47  Several reaction 
conditions were examined varying the solvent, salt, and temperature to evaluate what effects 
these changes had on the enantiomeric excess of the γ-ketoamide 16d (Table 1-3).   
Table 1-3.  Additive Effects in the Catalytic Conjugate Addition of Acyl Silanes to Unsaturated Amides 
O
Ph SiMe2Ph Ph N
O
O
Ph
O
N
Ph O
O
1) 8 (20 mol %),
LiN(SiMe3)2 (20 mol %)
additive (20 mol %)
Et2O, -35 °C rt, 24 h
2) Bu4NF 16d  
entry additive solvent % ee of 16d 
1 - Et2O 50 
2 - PhMe 47 
3 LiCl Et2O 48 
4 LiCl PhMe 48 
5a LiCl Et2O 54 
6 LiClO4 Et2O 48 
7 LiClO4 PhMe 51 
8b LiClO4 Et2O 30 
9 LiOtBu Et2O 53 
10 LiOtBu PhMe 60 
11 MgCl2 Et2O 47 
12 MgCl2 PhMe 40 
a  The reaction was quenched at -35 °C.  b  Conducted at rt. 
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    A significant increase in enantioselectivity was noted when lithium tert-butoxide was 
employed in toluene yielding the desired product in 60% ee (entry 10); however, no 
conditions gave greater than 50% conversion.  Other ligands for lithium, such as 12-crown-4 
and N,N,N',N'-tetramethylethylenediamine (TMEDA), were also assessed in the reaction and 
determined to give no positive effect on the enantiomeric excess of the product 16d. 
    The proposed catalytic cycle is depicted in Scheme 1-10 and is initiated by phosphite 
addition and [1,2]-Brook rearrangement.  Catalyst release is apparently triggered after 
conjugate addition by an unusual diastereoselective retro-[1,4]-Brook rearrangement 
(11→19).48  The fact that the major enantiomer possesses the same C-3 configuration in both 
the syn and anti diastereomers (Scheme 1-9) suggests that the chiral phosphite may be the 
dominant diastereocontrol element although a preferred transition-state topology is proposed 
in Chapter 2. 
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Scheme 1-10.  Proposed Catalytic Cycle 
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1.7   Conclusions     
    A metallophosphite-catalyzed intermolecular alkene acylation has been achieved 
employing the Enders TADDOL phosphite, giving γ-ketoamides in generally good yields.  
These reactions allow access to synthetically interesting α-silyl-γ-ketoamides and provide an 
attractive platform for enantioselective variants.  Ongoing work in our laboratory is directed 
toward development of 1) those strategies that take advantage of the high diastereoselectivity 
of the retro-[1,4]-Brook rearrangement; and 2) phosphite catalysts that deliver more highly 
enantioenriched products. The results of these investigations will be the focus of the next 
chapter. 
1.8   Experimental 
    Materials and Methods:  General.  Infrared (IR) spectra were obtained using a Nicolet 
560-E.S.P. infrared spectrometer.  Proton and carbon nuclear magnetic resonance spectra (1H 
and 13C NMR) were recorded on the following instruments:  Bruker model Avance 400 (1H 
NMR at 400 MHz and 13C NMR at 100 MHz) and Varian Gemini 300 (1H NMR at 300 MHz 
and 13C at 75 MHz) spectrometers with solvent resonance as the internal standard (1H NMR:  
CDCl3 at 7.26 ppm and 13C NMR:  CDCl3 at 77.0 ppm).  1H NMR data are reported as 
follows:  chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, sep = 
septet, m = multiplet), coupling constants (Hz), and integration.  Combustion analyses were 
preformed by Atlantic Microlab Inc., Norcross, GA.  Analytical thin layer chromatography 
(TLC) was performed on Whatman 0.25 mm silica gel 60 plates.  Visualization was 
accomplished with UV light and aqueous ceric ammonium nitrate molybdate solution 
followed by heating.  Purification of the reaction products was carried out by flash 
chromatography using Sorbent Technologies silica gel 60 (32-63 µm).  All reactions were 
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carried out under an atmosphere of nitrogen in flame-dried glassware with magnetic stirring.  
Reagents were massed out in the glovebox.  Yield refers to isolated yield o analytically pure 
material.  Yields are reported for a specific experiment and as a result may differ slightly 
from those found in the tables, which are averages of at least two experiments.  Diethyl ether 
was dried by passage through a column of neutral alumina under nitrogen prior to use.49  
Acyl silanes were prepared by the literature methods described previously.  (±)-TADDOL-
phosphite was synthesized via the method reported in a previous communication.36 
    General procedure (A) for the reaction of acyl silanes with β-alkyl substituted 
unsaturated amides.  In the glovebox, 0.42 mmol of acyl silane and 0.46 mmol (1.1 equiv) 
of amide were added to a dry pear-shaped flask, while 0.083 mmol (0.2 equiv) of the 
TADDOL-phosphite and 0.29 mmol (0.7 equiv) of lithium hexamethyldisilazide (LHMDS) 
were added to a dry round-bottom flask with magnetic stir bar.  The flasks were removed 
from the glovebox and 3.0 mL of Et2O was added to the metallophosphite and stirred under 
N2.  The acyl silane/amide mixture was added to the metallophosphite via cannula and the 
delivery flask was rinsed using 7 mL of Et2O.  The resulting mixture was stirred under N2 at 
room temperature until starting material was consumed (TLC analysis).  The solvent was 
removed in vacuo and an aliquot was taken to determine diastereoselectivity by 1H NMR 
spectroscopy comparing the integrations of the isolated signals assigned for the protons ortho 
to the ketone carbonyl present at ~8.00 and ~7.80 ppm.  The residue was redissolved in THF.  
The reaction mixture was treated with 0.84 mmol (2.0 equiv) of a 1 M solution of 
tetrabutylammonium fluoride (TBAF) in THF and immediately quenched with several 
milliliters of a saturated aqueous solution of NH4Cl.  The product was then extracted with 
Et2O, washed with water (2x), and a saturated aqueous solution of NaHCO3 (2x).  The 
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organic extracts were combined and dried over Na2SO4, filtered, and concentrated.  The 
product then was purified by flash chromatography, eluting with the indicated solvent system 
to afford the pure 1,4-dicarbonyl compound. 
    General procedure (B) for the reaction of acyl silanes with β-aryl substituted 
unsaturated amides.  In the glovebox, 0.42 mmol of acyl silane was added to a dry pear-
shaped flask, while 0.083 mmol (0.2 equiv) of the TADDOL-phosphite, 0.29 mmol (0.7 
equiv) of LHMDS, and 0.63 mmol (1.5 equiv) of the amide were added to a dry round-
bottom flask with magnetic stir bar.  The flasks were removed from the glovebox and 3.0 mL 
of Et2O was added to the metallophosphite mixture and the resulting solution was stirred 
under N2.  The acyl silane in 5 mL of Et2O was added very slowly (1 drop/ 2 sec) to the 
metallophosphite via cannula and the delivery flask was rinsed using 2 mL of Et2O.  The 
resulting mixture was stirred under N2 at room temperature until starting material was 
consumed (TLC analysis).  The solvent was removed in vacuo and an aliquot was taken to 
determine diastereoselectivity by 1H NMR spectroscopy comparing the integrations of the 
isolated signals assigned for the proton alpha to the ketone carbonyl present at ~5.40 and 
~5.20 ppm.  The residue was re-dissolved in THF.  The reaction mixture was treated with 
0.84 mmol (2.0 equiv) of a 1 M solution of TBAF in THF was added and immediately 
quenched with several milliliters of a saturated aqueous solution of NH4Cl.  The product was 
then extracted with Et2O, washed with water (2x), and a saturated aqueous solution of 
NaHCO3 (2x).  The organic extracts were combined and dried over Na2SO4, filtered, and 
concentrated.  The product then was purified by flash chromatography, eluting with the 
indicated solvent system to afford the pure 1,4-dicarbonyl compound. 
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SiMe2Ph
O
Me N
O
N
OMe
1)  (±)TADDOL-phos. (10 mol %)
     LHMDS (70 mol %)
     Ether, 25 °C
2)           TBAF, THF, 25 °C O  
    2-Methyl-1-phenyl-4-piperidin-1-yl-butane-1,4-dione (16a, entry 1, Table 1-2).  The 
title compound was prepared according to General Procedure A using 95 mg of acyl silane, 
73 mg of amide, 20 mg of phosphite, 46 mg of LHMDS, and 10 mL of Et2O.  After 2 h at 25 
°C, the reaction was complete and the product was analyzed: d.r. of 12a = 7:1; δ 7.92 (minor) 
and δ 7.72 (major).  Following TBAF deprotection and aqueous workup, the product was 
purified by flash chromatography with 30% EtOAc in hexanes to afford 78 mg (76%) of the 
product as a clear, pale yellow oil.  Analytical data for title compound:  IR (thin film, cm-1) 
3061, 2933, 2856, 1684, 1639, 1444, 1369, 1223, 1196, 1122, 1016, 978, 706; 1H NMR (400 
MHz, CDCl3) δ 8.07-7.98 (m, 2H), 7.54-7.47 (m, 1H), 7.47-7.39 (m, 2H), 4.10-4.00 (m, 1H), 
3.53-3.36 (m, 4H), 3.02 (dd, J = 16.0, 8.8 Hz, 1H), 2.40 (dd, J = 16.4, 4.8 Hz, 1H), 1.66-1.49 
(m, 6H), 1.17 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 203.9, 169.3, 136.1, 132.6, 
128.41, 128.40, 46.4, 42.6, 37.0, 36.9, 26.2, 25.4, 24.4, 17.8; TLC (40% EtOAc in hexanes) 
Rf 0.32; Anal. Calcd for C16H21NO2:  C, 74.10; H, 8.16; N, 5.40.  Found:  C, 74.21; H, 8.27; 
N, 5.29. 
 
SiMe2Ph
O
Me N
O
O
N
O
O
Me
1)  (±)TADDOL-phos. (20 mol %)
     LHMDS (70 mol %)
     Ether, 25 °C
2)           TBAF, THF, 25 °C O  
    2-Methyl-4-morpholin-4-yl-1-phenyl-butane-1,4-dione (16b, entry 2, Table 1-2).  The 
title compound was prepared according to General Procedure A using 80.0 mg of acyl silane, 
52.0 mg of amide, 34.0 mg of phosphite, 39.0 mg of LHMDS, and 10 mL of Et2O.  After 0.5 
h at 25 °C, the reaction was complete and the product was analyzed: d.r. of 12b = 4:1; δ 7.93 
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(minor) and δ 7.82 (major).  Following TBAF deprotection and aqueous workup, the product 
was purified by flash chromatography with 1:1 EtOAc/hexanes to afford 87.0 mg (82%) of 
the product as a clear, pale yellow oil.  Analytical data for title compound:  IR (thin film,  
cm-1) 2974, 2922, 2862, 1670, 1651, 1597, 1579, 1446, 1410, 1279, 1228, 1194, 1113, 1036, 
982, 845, 712, 580; 1H NMR (400 MHz, CDCl3) δ 8.09-7.95 (m, 2H), 7.57-7.38 (m, 3H), 
4.13-4.00 (m, 1H), 3.80-3.30 (m, 8H), 3.05 (dd, J = 16.0, 9.2 Hz, 1H), 2.39 (dd, J = 16.4, 4.4 
Hz, 1H), 1.20 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 203.7, 169.9, 136.0, 132.9, 
128.5, 128.4, 66.8, 66.5, 45.8, 41.9, 37.0, 36.6, 18.0; TLC (40% EtOAc in hexanes) Rf 0.14; 
Anal. Calcd for C15H19NO3:  C, 68.94; H, 7.33; N, 5.36.  Found:  C, 68.84; H, 7.32; N, 5.17.  
 
SiMe2Ph
O
Et N
O
N
OEt
1)  (±)TADDOL-phos. (20 mol %)
     LHMDS (70 mol %)
     Ether, 25 °C
2)           TBAF, THF, 25 °C O  
    2-Ethyl-1-phenyl-4-piperidin-1-yl-butane-1,4-dione (16c, entry 3, Table 1-2).  The title 
compound was prepared according to General Procedure A using 99.0 mg of acyl silane, 76.5 
mg of amide, 42.6 mg of phosphite, 48.7 mg of LHMDS, and 10 mL of Et2O.  After 0.75 h at 
25 °C, the reaction was complete and the product was analyzed: d.r. of 12c = 1.3:1; δ 7.92 
(major) and δ 7.74 (minor).  Following TBAF deprotection and aqueous workup, the product 
was purified by flash chromatography with 30% EtOAc in hexanes to afford 82.7 mg (74%) 
of the product as a clear, pale yellow oil.  Analytical data for title compound:  IR (thin film, 
cm-1) 3055, 2966, 2941, 2858, 1678, 1632, 1446, 1265, 1227, 1007, 739, 702; 1H NMR (400 
MHz, CDCl3) δ 8.10-8.03 (m, 2H), 7.59-7.50 (m, 1H), 7.50-7.43 (m, 2H), 4.03-3.95 (m, 1H), 
3.55-3.41 (m, 4H), 3.03 (dd, J = 16.0, 9.6 Hz, 1H), 2.47 (dd, J = 16.0, 4.0 Hz, 1H), 1.79-1.44 
(m, 10H), 0.90 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 204.0, 169.6, 137.2, 
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132.7, 128.5, 46.5, 43.6, 42.8, 34.9, 26.4, 25.6, 25.5, 24.5, 11.8 (two coincident aromatic 
resonances); TLC (40% EtOAc in hexanes) Rf 0.33; Anal. Calcd for C17H23NO2:  C, 74.69; 
H, 8.48; N, 5.12.  Found:  C, 74.39; H, 8.55; N, 5.04. 
 
SiMe2Ph
O
N
O
O N
O
O
1)  (±)TADDOL-phos. (20 mol %)
     LHMDS (70 mol %)
     Ether, 25 °C
2)           TBAF, THF, 25 °C
O  
    4-Morpholin-4-yl-1,2-diphenyl-butane-1,4-dione (16d, entry 4, Table 1-2).  The title 
compound was prepared according to General Procedure B using 85 mg of acyl silane, 115 
mg of amide, 36 mg of phosphite, 44 mg of LiHMDS, and 10 mL of Et2O.  After 5 min at 25 
°C, the reaction was complete and the product was analyzed: d.r. of 12d = 10:1; δ 5.40 
(minor) and δ 5.20 (major).  The silylated intermediate (12d) was run through a silica gel 
plug with 40% EtOAc in hexanes, concentrated, and re-dissolved in THF.  Following TBAF 
deprotection and aqueous workup, the product was purified by flash chromatography with 
30% EtOAc in hexanes to afford 92 mg (81%) of the product as a white, foamy solid.  
Analytical data for title compound:  IR (thin film, cm-1) 3061, 2966, 2901, 2858, 2247, 1772, 
1687, 1639, 1442, 1273, 1117, 1036, 953, 910, 735, 702; 1H NMR (400 MHz, CDCl3) δ 
8.05-7.95 (m, 2H), 7.50-7.46 (m, 1H), 7.42-7.19 (m, 7H), 5.26 (dd, J = 10.0, 4.0 Hz, 1H), 
3.76-3.38 (m, 9H), 2.66 (dd, J = 16.0, 4.0 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 199.1, 
169.6, 138.3,136.2, 132.8, 129.0, 128.8, 128.4, 128.1, 127.3, 66.6, 66.3, 49.3, 45.7, 41.9, 
37.9; TLC (40% EtOAc in hexanes) Rf 0.19; Anal. Calcd for C20H21NO3:  C, 74.28; H, 6.55; 
N, 4.33.  Found:  C, 74.21; H, 6.65; N, 4.27. 
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O
N
O
O
MeO N
O
O
1)  (±)TADDOL-phos. (20 mol %)
     LHMDS (70 mol %)
     Ether, 25 °C
2)           TBAF, THF, 25 °C
O
OMe
 
    2-(4-Methoxyphenyl)-4-morpholin-4-yl-1-phenyl-butane-1,4-dione (16e, entry 5, 
Table 1-2).  The title compound was prepared according to General Procedure B using 100.0 
mg of acyl silane, 154.0 mg of amide, 43.0 mg of phosphite, 49.0 mg of LHMDS, and 10 mL 
of Et2O.  After 0.5 h at 25 °C, the reaction was complete and the product was analyzed: d.r. 
of 12e = 11:1; δ 5.32 (minor) and δ 5.12 (major).  Following TBAF deprotection and aqueous 
workup, the product was purified by flash chromatography with 50% EtOAc in hexanes to 
afford 86.2 mg (59%) of the product as a white solid.  Analytical data for title compound:  IR 
(thin film, cm-1) 3481, 3057, 2964, 2924, 2856, 1684, 1643, 1512, 1444, 1362, 1302, 1250, 
1180, 1115, 1036, 955, 835, 739; 1H NMR (400 MHz, CDCl3) δ 7.99-7.96 (m, 2H), 7.46-
7.41 (m, 1H), 7.37-7.32 (m, 2H), 7.22-7.19 (m, 2H), 6.81-6.78 (m, 2H), 5.16 (dd, J = 10.0, 
4.1 Hz, 1H), 3.72 (s, 3H), 3.70-3.37 (m, 9H), 2.59 (dd, J = 16.0, 4.2 Hz, 1H); 13C NMR (100 
MHz, CDCl3) δ 199.38, 169.84, 158.90, 136.49, 132.72, 130.38, 129.24, 128.84, 128.42, 
114.56, 66.79, 66.48, 55.19, 48.69, 45.90, 42.06, 37.92; TLC (40% EtOAc in hexanes) Rf 
0.14; mp 63-66 °C; Anal. Calcd for C21H23NO4:  C, 71.37; H, 6.56; N, 3.96.  Found:  C, 
71.53; H, 6.78; N, 3.80. 
SiMe2Ph
O
N
O
O
Cl N
O
O
1)  (±)TADDOL-phos. (20 mol %)
     LHMDS (70 mol %)
     Ether, 25 °C
2)           TBAF, THF, 25 °C
O
Cl
 
    2-(4-Chlorophenyl)-4-morpholin-4-yl-1-phenyl-butane-1,4-dione (16f, entry 6, Table 
1-2).  The title compound was prepared according to General Procedure B using 85 mg of 
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acyl silane, 134 mg of amide, 27 mg of phosphite, 48 mg of LHMDS, and 10 mL of Et2O.  
After 2 h at 25 °C, the reaction was complete and the product was analyzed: d.r. of 12f = 8:1; 
δ 5.38 (minor) and δ 5.18 (major).  Following TBAF deprotection and aqueous workup, the 
product was purified by flash chromatography with 50% EtOAc in hexanes to afford 99 mg 
(79%) of the product as a white, foamy solid.  Analytical data for title compound:  IR (thin 
film, cm-1) 3062, 2964, 2922, 2858, 2249, 1716, 1682, 1645, 1446, 1362, 1234, 1115, 912, 
723; 1H NMR (400 MHz, CDCl3) δ 8.05-7.93 (m, 2H), 7.52-7.47 (m, 1H), 7.44-7.47 (m, 
2H), 7.28-7.27 (s, 1H), 5.23 (dd, J = 10.0, 4.0 Hz, 1H), 3.75-3.40 (m, 9H), 2.61 (dd, J = 16.0, 
4.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 199.0, 169.4, 137.1, 136.3, 133.4, 133.0, 129.6, 
129.3, 128.9, 128.6, 66.8, 66.5, 48.8, 45.9, 42.2, 37.9; TLC (40% EtOAc in hexanes) Rf  
0.28; For 1H NMR spectrum, see the Appendix. 
 
SiMe3
O
Me N
O
N
OMe
1)  (±)TADDOL-phos. (20 mol %)
     LHMDS (70 mol %)
     Ether, 25 °C
2)           TBAF, THF, 25 °C O  
    2-Methyl-1-phenyl-4-piperidin-1-yl-butane-1,4-dione (16g, entry 7, Table 1-2).  The 
title compound was prepared according to General Procedure A using 65.0 mg of acyl silane, 
56.0 mg of amide, 37.0 mg of phosphite, 42.0 mg of LHMDS, and 10 mL of Et2O.  After 3 h 
at 25 °C, the reaction was complete and the product was analyzed: d.r. of 12g = 10:1; δ 8.04 
(major) and δ 7.97 (minor).  Following TBAF deprotection and aqueous workup, the product 
was purified by flash chromatography with 30% EtOAc in hexanes to afford 76.3 mg (81%) 
of the product as clear, pale yellow oil.  Analytical data for title compound is identical to 16a. 
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1)  (±)TADDOL-phos. (20 mol %)
     LHMDS (70 mol %)
     Ether, 25 °C
2)           TBAF, THF, 25 °C  
    2-Methyl-1-phenyl-4-piperidin-1-yl-butane-1,4-dione (16h, entry 8, Table 1-2).  The 
title compound was prepared according to General Procedure A using 80.0 mg of acyl silane, 
56.0 mg of amide, 37.0 mg of phosphite, 42.0 mg of LHMDS, and 10 mL of Et2O.  After 2.5 
h at 25 °C, the reaction was complete and the product was analyzed: d.r. of 12h = 4:1; δ 8.02 
(major) and δ 7.95 (minor).  Following TBAF deprotection and aqueous workup, the product 
was purified by flash chromatography with 30% EtOAc in hexanes to afford 86.3 mg (92%) 
of the product as a clear, pale yellow oil.  Analytical data for title compound is identical to 
16a. 
 
SiEt3
O
MeO
Me N
O
N
OMe
1)  (±)TADDOL-phos. (20 mol %)
     LHMDS (70 mol %)
     Ether, 25 °C
2)           TBAF, THF, 25 °C
O
MeO
 
    1-(4-Methoxyphenyl)-2-methyl-4-piperidin-1-yl-butane-1,4-dione (16i, entry 9, Table 
1-2).  The title compound was prepared according to General Procedure A using 101 mg of 
acyl silane, 68.4 mg of amide, 40.9 mg of phosphite, 46.5 mg of LHMDS, and 10 mL of 
Et2O.  After 1 h at 25 °C, the reaction was complete and the product was analyzed: d.r. of 12i 
= 3.5:1; δ 8.01 (major) and δ 7.95 (minor).  Following TBAF deprotection and aqueous 
workup, the product was purified by flash chromatography with 40% EtOAc in hexanes to 
afford 101 mg (87%) of the product as a white solid.  Analytical data for title compound:  IR 
(Nujol, cm-1) 3442, 2942, 2922, 2865, 1672, 1633, 1601, 1574, 1508, 1450, 1417, 1244, 
1196, 1178, 1028, 976, 850; 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 11.6 Hz, 2H), 6.90 
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(d, J = 11.6 Hz, 2H), 4.06-3.97 (m, 1H), 3.82 (s, 3H), 3.52-3.41 (m, 4H), 2.98 (dd, J = 16.4, 
8.8 Hz, 1H), 2.37 (dd, J = 16.4, 5.2 Hz, 1H), 1.62-1.41 (m, 6H), 1.16 (d, J = 7.2 Hz, 3H); 13C 
NMR (100 MHz, CDCl3) δ 202.3, 169.4, 163.2, 130.7, 129.2, 113.6, 55.3, 46.4, 42.6, 36.8, 
36.7, 26.3, 25.4, 24.4, 18.0; TLC (40% EtOAc in hexanes) Rf 0.21; mp 87-90 °C; Anal. 
Calcd for C17H23NO3:  C, 70.56; H, 8.01; N, 4.84.  Found:  C, 70.56; H, 8.06; N, 4.64. 
 
SiEt3
O
Cl
Me N
O
N
OMe
1)  (±)TADDOL-phos. (20 mol %)
     LHMDS (70 mol %)
     Ether, 25 °C
2)           TBAF, THF, 25 °C O
Cl
 
    1-(4-Chlorophenyl)-2-methyl-4-piperidin-1-yl-butane-1,4-dione (16j, entry 10, Table 
1-2).  The title compound was prepared according to General Procedure A using 92.5 mg of 
acyl silane, 56.0 mg of amide, 37.0 mg of phosphite, 42.0 mg of LHMDS, and 10 mL of 
Et2O.  After 2 h at 25 °C, the reaction was complete and the product was analyzed: d.r. of 12j 
= 3:1; δ 7.96 (major) and δ 7.90 (minor).  Following TBAF deprotection and aqueous 
workup, the product was purified by flash chromatography with 30% EtOAc in hexanes to 
afford 71.8 mg (67%) of the product as a thick, clear, orange oil.  Analytical data for title 
compound:  IR (Nujol, cm-1) 3448, 2937, 2922, 2858, 1678, 1632, 1589, 1570, 1458, 1443, 
1244, 1221, 1194, 1090, 1016, 980, 843, 748, 517, 480; 1H NMR (400 MHz, CDCl3) δ 7.95 
(d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 4.03-3.94 (m, 1H), 3.52-3.37 (m, 4H), 3.03 (dd, 
J = 16.0, 9.6 Hz, 1H), 2.40 (dd, J = 16.4, 4.4 Hz, 1H), 1.70-1.40 (m, 6H), 1.15 (d, J = 7.2 Hz, 
3H); 13C NMR (100 MHz, CDCl3) δ 202.8, 169.2, 139.0, 134.7, 129.9, 128.7, 46.4, 42.7, 
37.1, 37.0, 26.3, 25.4, 24.4, 17.7; TLC (40% EtOAc in hexanes) Ri 0.34; Anal. Calcd for 
C16H20ClNO2:  C, 65.41; H, 6.89; N, 4.77.  Found:  C, 65.38; H, 6.91; N, 4.72. 
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    General procedure (C) for preparation and isolation of 12.  In the glovebox, 0.42 
mmol of acyl silane was added to a dry pear-shaped flask, while 0.083 mmol (0.2 equiv) of 
the TADDOL-phosphite, 0.29 mmol (0.7 equiv) of LHMDS, and 0.63 mmol (1.5 equiv) of 
the amide were added to a dry round-bottom flask with magnetic stir bar.  The flasks were 
removed from the glovebox and 3.0 mL of Et2O was added to the metallophosphite mixture 
and the resulting solution was stirred under N2.  The acyl silane in 5 mL of Et2O was added 
very slowly (1 drop/2 sec) to the metallophosphite via cannula and the delivery flask was 
rinsed using 2 mL of Et2O.  The resulting mixture was stirred under N2 at room temperature 
until starting material was consumed (TLC analysis).  The solvent was removed in vacuo and 
the product was purified by flash chromatography, eluting with the indicated solvent system 
to afford the pure α-silylated product (12). 
SiMe2Ph
O
N
O
O
N
O
O
Ph
Si
Me Me(±)TADDOL-phos. (20 mol %)LHMDS (70 mol %)
Ether, 25 °C
O
 
    2-(Dimethylphenylsilanyl)-1-morpholin-4-yl-3,4-diphenyl-butane-1,4-dione (12d).  
The title compound was prepared according to General Procedure C using 85 mg of acyl 
silane, 115 mg of amide, 36 mg of phosphite, 44 mg of LHMDS, and 10 mL of Et2O.  After 5 
min at 25 °C, the reaction was complete.  The product was purified by flash chromatography 
with 30% EtOAc in hexanes to afford 131 mg (81%) of the product as a white solid.  
Analytical data for title compound:  IR (thin film, cm-1) 3066, 2960, 2854, 1676, 1614, 1448, 
1427, 1281, 1254, 1184, 1115, 1032, 877, 833, 698; 1H NMR of major anti diastereomer 
(400 MHz, CDCl3) δ 7.82-7.77 (m, 2H), 7.58-7.48 (m, 2H), 7.45-7.40 (m, 1H), 7.34-7.14 (m, 
9H), 7.13-7.06 (m, 1H), 5.20 (d, J = 11.2 Hz, 1H), 3.58 (d, J = 11.2 Hz), 3.50-3.39 (m, 1H), 
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3.35-3.26 (m, 1H), 3.26-3.12 (m, 2H), 3.09-2.95 (m, 2H), 2.95-2.80 (m, 2 H), 0.49 (s, 3H), 
0.33 (s, 3H); 13C NMR of major anti diastereomer (100 MHz, CDCl3) δ 198.9, 171.6, 139.0, 
136.6, 136.1, 134.4, 132.7, 129.2, 128.4, 128.2, 127.4, 127.0, 66.6, 66.1, 53.5, 46.4, 41.3, 
38.2, -1.9, -3.2 (two sets of coincident aromatic resonances); TLC (40% EtOAc in hexanes) 
major Rf 0.46, minor Rf 0.35; mp 137-139 °C; Anal. Calcd for C28H31NO3Si:  C, 73.49; H, 
6.83; N, 3.06.  Found:  C, 73.41; H, 6.92; N, 2.96.  The major anti diastereomer was obtained 
in 60% ee as determined by chiral CSP-SFC analysis (Chiralcel OD-H, 2.0% MeOH, 2.0 
mL/min, 125 bar, 40 °C, 240 nm, tr-major 39.9 min, tr-minor 43.8 min) and the minor syn 
diastereomer in 74% ee (Chiralcel OD-H, 2.0% MeOH, 2.0 mL/min, 125 bar, 40 °C, 240 nm, 
tr-major 48.1 min, tr-minor 60.5 min).  CSP-SFC chromatograms for both racemic and 
enantioenriched samples (Scheme 3) are shown below: 
 
    Procedure for the recrystallization of 12d.  The product was dissolved in hot ethanol 
and allowed to cool to room temperature.  White, needle-like crystals formed and were taken 
for X-ray crystallographic analysis. 
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Me Me(±)TADDOL-phos. (20 mol %)
LHMDS (70 mol %)
Ether, 25 °C
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O
Cl  
    2-(4-Chlorophenyl)-3-(dimethylphenylsilanyl)-4-morpholin-4-yl-1-phenyl-butane-1,4-
dione (12f).  The title compound was prepared according to General Procedure C using 85 
mg of acyl silane, 134 mg of amide, 27 mg of phosphite, 48 mg of LHMDS, and 10 mL of 
Et2O.  After 5 min at 25 °C, the reaction was complete.  The product was purified by flash 
chromatography with 30% EtOAc in hexanes to afford 153 mg (88%) of the product (dr = 
8:1) as a white, foamy solid.  Analytical data for title compound:  IR (thin film, cm-1); 3068, 
2962, 2922, 2856, 2247, 1714, 1678, 1620, 1427, 1281, 1115, 1034, 837, 736; 1H NMR of 
major anti diastereomer (400 MHz, CDCl3) δ; 7.78-7.72 (m, 2H), 7.55-7.41 (m, 3H), 7.36-
7.28 (m, 2H), 7.27-7.19 (m, 5H), 7.18-7.13 (m, 2H), 5.18 (d, J = 11.4 Hz, 1H), 3.56 (d, J = 
11.4 Hz), 3.45-2.93 (m, 8H), 0.48 (s, 3H), 0.32 (s, 3H); 13C NMR of major anti diastereomer 
(100 MHz, CDCl3) δ 198.8, 171.5, 137.6, 136.1, 136.0, 134.4, 133.0, 129.9, 129.4, 128.6, 
128.43, 128.37, 127.6, 66.7, 66.2, 52.8, 46.4, 41.4, 38.2, -1.9, -3.2 (two coincident aromatic 
resonances); TLC (40% EtOAc in hexanes) major Rf, 0.35 minor; Rf, 0.25; Anal. Calcd for 
C28H30ClNO3Si:  C, 68.34; H, 6.14; N, 2.85.  Found:  C, 68.08; H, 6.14; N, 2.68. 
 
    General procedure (D) for the bromination of 12.  To a round-bottom flask with 
magnetic stir bar, 0.55 mmol of 12 was dissolved in 1.7 mmol of AcOOH (32 wt % in 
AcOH, 3 equiv).  Via pipet, 1.7 mmol (3 equiv) of a 1 M Br2 solution in AcOH was added 
and the reaction was stirred overnight at room temperature.  After 12 h, the starting material 
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had been consumed (TLC analysis).  The reaction mixture was diluted with EtOAc and a 
saturated aqueous solution of Na2S2O3 was added drop wise until orange color had dispersed.  
The product was then washed with water (2x), and a saturated aqueous solution of NaHCO3 
(2x).  The organic extracts were dried over Na2SO4, filtered, and concentrated.  The product 
then was purified by flash chromatography, eluting with the indicated solvent system to 
afford pure 17. 
N
O
Si
Me Me
OO
N
O
Br OO1M Br2 in AcOH
AcOOH
12d  
    2-Bromo-1-morpholin-4-yl-3,4-diphenyl-butane-1,4-dione (17d).  The title compound 
was prepared according to General Procedure D using 253 mg of 12d, 0.35 mL of AcOOH 
(32 wt % in AcOH), and 1.7 mL of a 1 M Br2 solution in AcOH.  The product then was 
purified by flash chromatography, eluting with 30% EtOAc in hexanes to afford 221 mg 
(76%) of the product (dr 3:1) as a white solid. Analytical data for title compound:  IR (Nujol, 
cm-1) 2958, 2927, 2850, 1732, 1662, 1597, 1491, 1458, 1377, 696; 1H NMR of major syn 
diastereomer (400 MHz, CDCl3) δ 8.00-7.9 (m, 2H), 7.51-7.43 (m, 1H), 7.42-7.25 (m, 7H), 
5.38 (d, J = 10.8 Hz, 1H),5.10 (d, J = 10.4 Hz, 1H), 3.89-3.52 (m, 8H); 13C NMR of major 
syn diastereomer (100 MHz, CDCl3) δ 198.6, 167.3, 135.4, 135.0, 133.3, 129.1, 129.0, 128.8, 
128.5, 128.1, 66.6, 66.3, 57.3, 47.0, 46.6, 42.8; TLC (40% EtOAc in hexanes) major Rf 0.47, 
minor Rf 0.33; mp 135 °C (decomp.); Anal. Calcd for C20H20BrNO3:  C, 59.71; H, 5.01; N, 
3.48.  Found:  C, 59.37; H, 5.08; N, 3.42.  
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    Procedure for the re-crystallization of 17d.  The product was dissolved in hot ethyl 
acetate and allowed to cool to room temperature.  White, cubic crystals formed and were 
taken for X-ray crystallographic analysis. 
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O
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O
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1M Br2 in AcOH
AcOOH
Cl
Cl
12f  
    2-Bromo-3-(4-chloro-phenyl)-1-morpholin-4-yl-4-phenyl-butane-1,4-dione (17f).  The 
title compound was prepared according to General Procedure D using 120 mg of 12f, 2 mL 
of AcOOH (32 wt % in AcOH), and 2 mL of a 1 M Br2 solution in AcOH.  The product then 
was purified by flash chromatography, eluting with 33% EtOAc in hexanes to afford 92 mg 
(87 %) of the product (dr 3:1) as a white, foamy solid. Analytical data for title compound:  
IR (Nujol mull, cm-1) 2954, 2872, 2723, 2669, 1716, 1651, 1595, 1462, 1377, 1286, 1269, 
1220, 1171, 1115, 1093, 1034, 721; 1H NMR of major syn diastereomer (400 MHz, CDCl3) 
δ 8.00-7.91 (m, 2H), 7.51-7.43 (m, 1H), 7.40-7.35 (m, 2H), 7.33 (s, 4H), 5.37 (d, J = 10.4 Hz, 
1H), 5.04 (d, J = 10.8 Hz, 1H), 3.85-3.53 (m, 8H); 13C NMR of major syn diastereomer (100 
MHz, CDCl3) δ 198.4, 167.1, 135.2, 134.3, 133.6, 130.5, 129.2, 128.8, 128.7 (two coincident 
resonances) 66.6, 66.3, 56.6, 46.7, 42.8 (two coincident resonances); TLC (33% EtOAc in 
hexanes) Rf  0.22 (the diastereomers coelute); LRMS (ES): 438.1, 436.2 [M+H]+ (2 major 
isotopomers). For 1H NMR spectrum, see the Appendix. 
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12a 18  
    Procedure for synthesis of (Z)-4-Morpholin-4-yl-1,2-diphenyl-but-2-ene-1,4-dione 
(18) from 12a.  To a 20-mL scintillation vial with magnetic stir bar was added 80.0 mg of 
12a and 1.5 mL CH2Cl2. To this solution was added 0.53 mL of a 1 M Br2 solution in CH2Cl2 
(3 eq) via pipet and the reaction mixture was stirred at room temperature overnight.  After 12 
h, the starting material had been consumed (TLC analysis).  The reaction mixture was diluted 
with Et2O and a saturated aqueous solution of Na2S2O3 was added drop wise until the orange 
color disappeared.  The organic layer was separated and washed with water (2x), and a 
saturated aqueous solution of NaHCO3 (2x).  The organic extracts were dried (Na2SO4), 
filtered, and concentrated.  The product was purified by flash chromatography (gradient 
elution EtOAc in hexanes 40% - 70%) to afford 56 mg (100%) of a single isomer of the 
product (17) as a white solid.  Analytical data for title compound:  IR (thin film, cm-1) 3467, 
3060, 2968, 2922, 2858, 1672, 1635, 1597, 1456, 1437, 1275, 1228, 1115, 1047, 916, 850, 
732; 1H NMR (400 MHz, CDCl3) δ 8.13-8.10 (m, 2H), 7.45-7.41 (m, 2H), 7.04-6.97 (m, 
6H), 6.37 (s, 1H), 3.37-2.70 (m, 8H); 13C NMR (100 MHz, CDCl3) δ 197.33, 164.49, 
153.63, 136.78, 135.45, 133.56, 130.25, 129.49, 129.47, 129.06, 127.16, 118.83, 67.12; TLC 
(40% EtOAc in hexanes) Rf 0.16; mp 128-129 °C; Anal. Calcd for C20H19NO3:  C, 74.75; H, 
5.96; N, 4.36.  Found:  C, 74.85; H, 6.08; N, 4.46.  The relative stereochemistry was 
determined by NOESY analysis.  (See Appendix for NOESY spectrum). 
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SiMe2Ph
O
N
O
O
1) (R,R)-TADDOL-phos. (20 mol %)
LHMDS (20 mol %)
Et2O, -35 °C → 25 °C
2) TBAF, THF, 25 °C
Ph
O
N
OPh
O
16d  
    Procedure for the enantioselective reaction of benzoyl dimethylphenylsilane with 
morpholine cinnamamide.  In the glovebox, 100 mg (0.42 mmol, 1.0 equiv) of acyl silane 
were added to a dry, 20-mL scintillation vial, while 42.6 mg (0.083 mmol, 0.2 equiv) of the 
(R,R)-TADDOL-phosphite, 13.9 mg (0.083 mmol, 0.2 equiv) of LHMDS, and 136 mg (0.63 
mmol, 1.5 equiv) of the amide were added to a second dry 20-mL scintillation vial.  Four mL 
of Et2O were added to the metallophosphite mixture in order to dissolve all of the contents of 
the vial, 2 mL of Et2O were added to the acyl silane, and both vials were placed in the freezer 
at -35 °C.  After 0.5 hr, the vials were removed from the freezer and the acyl silane solution 
was added to the metallophosphite mixture slowly (1 drop/sec) via pipette and allowed to 
warm to room temperature.  After the starting material was consumed (TLC analysis), the 
solvent was removed in vacuo.  The silylated intermediate was passed through a silica gel 
plug using 40% EtOAc in hexanes, concentrated, and re-dissolved in THF.  The reaction 
mixture was treated with .32 mL (0.84 mmol, 2.0 equiv) of a 1 M solution of TBAF in THF 
and was immediately quenched with several milliliters of a saturated aqueous solution of 
NH4Cl.  The product was then extracted with Et2O and washed with water (2x).  The organic 
extracts were combined and dried over Na2SO4, filtered, and concentrated.  The product then 
was purified by flash chromatography, eluting with 50% EtOAc/hexanes to afford 83.1 mg 
(68%) of the product as a white, foamy solid in 50% ee as determined by chiral CSP-SFC 
analysis ((S,S)-Whelk-O1, 10.0% MeOH, 2.0 mL/min, 200 bar, 40 °C, 240 nm, tr-major 13.2 
min, tr-minor 8.9 min); [α]D25 +126 (c = 0.5, CH2Cl2); CSP-SFC chromatograms for both 
racemic and 50% ee samples are shown below: 
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Appendix 
1H NMR in CDCl3 for (16f, entry 6, Table 1-2) 
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1H NMR in CDCl3 for (17f) 
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CHAPTER 2 
METALLOPHOSPHITE-CATALYZED ASYMMETRIC ACYLATION 
OF α,β-UNSATURATED AMIDES 
 
2.1   Introduction 
As was described in Chapter 1, a preliminary asymmetric variant of the alkene acylation 
reaction1 was tested and shown to proceed in 67% yield and 50% enantiomeric excess using 
the Enders (R,R)-TADDOL-phosphite 1-Ph.2,3 From that platform it was hypothesized that 
more highly enantioenriched 1,4-dicarbonyl products could be obtained through tuning of the 
phosphite catalyst and reagent functional groups.  This chapter details the development of an 
effective asymmetric metallophosphite-catalyzed intermolecular addition of acyl silanes to 
α,β-unsaturated amides that can be achieved under mild reaction conditions in good yields 
and high enantioselectivites (eq 1). 
O
SiMe2Cy
MeO
O
NMe2R
NMe2
O
R
O
MeO
+
LiN(SiMe3)2 (30 mol %),
Et20, 25 °C
2) recrystallization
3) HF⋅pyridine,
CH3CN, 25 °C
(1)
high kinetic enantiocontrol
recrystallized ee's: 96-99%
O
P
OO
O
Me
iPr
Ph Ph
Ph Ph
H
O
1)
(30 mol %)
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2.2   Results and Discussion 
    2.2.1   Optimization Studies.  
    Phosphite structure.  The enantioselectivity of the analogous cross silyl benzoin reaction4 
exhibited a strong dependence on the identity of the aromatic groups on the (R,R)-TADDOL-
phosphite (1-Ar).  Therefore, our first instinct was to examine those electronic modifications 
on the phosphite in the 1,4-addition of benzoyl dimethylphenylsilane 2 to 
morpholinocinnamide 3 (Scheme 2-1).  Electron-withdrawing substituents on 1 gave very 
low conversion, but neither electron-withdrawing nor electron-donating aromatic groups 
gave a significant boost in enantioselectivity. 
O
SiMe2PhPh
O
P
OO
O
Ar
Ar Ar
Ar
O
H
Me
MeO
NPh
O
solvent, 25 °C
LiN(SiMe3)2 Ph
N
O
Ph O
OR
Ar = Ph; 2-FPh;
2-MePh; 3,5-Me2Ph;
3-iPrPh; 3-tBuPh
<55% ee
+
2 3
4: R = SiMe2Ph
5: R = H
1-Ar
Bu4NF
 
Scheme 2-1.  Alkene Acylation Catalyzed by Phosphites 1-Ar 
    Another candidate for site modification in the catalyst architecture was in the ketal 
backbone.  The results of the phosphites examined are listed in Table 2-1.  In previous 
studies, a minimal effect was observed in changes at this site;4 however, the replacement of 
acetone with l-menthone in the initial ketalization using either L- or D-diethyl tartrate 
afforded, after Grignard addition and phosphinylation, diastereomeric phosphite catalysts 6a 
and 6b (Table 2-1) that exhibited notably higher levels of enantiocontrol in the addition of 2 
to 3.  Although the menthone tartrate has been reported by Seebach,5 to the best of our 
knowledge, our preparation of 6a and 6b constitutes the first synthesis of a menthone-based 
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Table 2-1.  Screen of Phosphites for Alkene Acylation 
O
SiMe2PhPh
O
NPh
O Et2O, -35°C→ 25 °C
LiN(SiMe3)2 (20 mol %),
2) Bu4NF,
Ph
N
O
Ph O
O
25 °C, THF
+
2 3
5
1) phosphite (20 mol %),
 
phosphite % ee phosphite % ee phosphite % ee 
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Ph Ph
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O
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O
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Ph Ph
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O
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50   
a  Gave 16:1 d.r. of α-silyl-β-ketoamide b Yields of 5 were <16%.  c Gave 20:1 d.r. of α-silyl-
γ-ketoamide. 
 
 TADDOL.3  The therapeutic effects of this modification were noted in not only the 
enantiomeric excess of 5 with 60% ee, but also in the improved anti:syn selectivity for the 
intermediate α-silyl-γ-ketoamide 4 (6b: anti/syn = 20:1; 1-Ph: anti/syn = 10:1).  The latter 
point impacts the former since it had previously been demonstrated that anti and syn 
diastereomers possess the opposite absolute configuration at the phenyl-bearing stereocenter 
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and that desilylation of the mixture results in erosion in the enantiomeric excess of the final 
product (5).1 
    Amide.  The impact of the amide structure on enantioselectivity and reactivity was probed 
through an examination of various cinnamides; the study is summarized in Table 2-2.  
Pyrrole, pyrazole, and Weinreb cinnamides failed to provide any acylation product.  In fact, 
of the amides surveyed, only N,N-dimethylcinnamide (7) exhibited significant improvement 
relative to the morpholinocinnamide 3 in both conferred enantiocontrol (71% ee using 
phosphite 6b) and diastereoselectivity for the derived α-silyl-γ-ketoamide 9 (Scheme 2-2).  
The reaction proceeded at a somewhat slower rate and product yield was lower, but only a 
single diastereomer of the α-silyl-γ-ketoamide 9 could be distinguished by 1H NMR 
spectroscopy (anti:syn >30:1). 
Table 2-2.  Optimization of Amide for Alkene Acylation 
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N
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Scheme 2-2. Enantioselective Acylation of N,N-Dimethylcinnamide 
    Acyl silane.  Attention was then directed at improving the enantiomeric excess and yield 
for the alkene acylation through modification of the acyl donor.  Experiments in this vein 
revealed that the identity of the silyl moiety was crucial for maximizing enantiocontrol and 
that the aryl group of the acyl silane was the key in modulating reactivity.  The addition of 
benzoyl triethylsilane to N,N-dimethylcinnamide (7) catalyzed by 6b gave the product α-
silyl-γ-ketoamide as one distinguishable diastereomer by 1H NMR spectroscopy and the 
desilylated γ-ketoamide product 8 in 87% enantiomeric excess.  Further increases in the 
steric demand of the silyl group (benzoyl triisopropylsilane, benzoyl trihexylsilane, benzoyl 
tert-butyldimethylsilane) resulted in dramatic decreases in reactivity.  The use of benzoyl 
dimethylcyclohexylsilane6 furnished 8 in comparable enantioselectivity to benzoyl 
triethylsilane, but also conferred crystallinity to the intermediate α-silyl-γ-ketoamide.  This 
characteristic was found to be relatively common (vide infra) and was used advantageously 
in purification and enhancement in product enantiomeric excesses.  Although the boost in 
enantioselectivity using benzoyl triethylsilane and benzoyl cyclohexyldimethylsilane was 
encouraging, product yields were still unacceptably low.  In probing this issue, it was 
discovered that substitution of the phenyl group of the acyl silane with a para-anisyl group 
reduced reaction times, provided the needed increase in yield, and had little effect on the 
enantioselectivity.  Specifically, phosphite 6b catalyzed the efficient conjugate addition of 
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para-methoxybenzoyl cyclohexyldimethylsilane 10 to cinnamide 7; desilylation of an aliquot 
of α-silyl-γ-ketoamide 11 indicated that the kinetic enantioselectivity for the initial addition 
was 95:5 (Scheme 2-3).  The remainder of amide 11 was recrystallized from hot hexanes, and 
upon desilylation afforded 12a in 99% ee and 68% yield. 
O
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MeO
O
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O
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O
SiCyMe2
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2) Bu4NF, 25 °C, THF
NMe2
O
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O
MeO
25 °C, THF
+
10
7
6b, LiN(SiMe3)2 (cat.)
12a, 90% ee
12a, 99% ee11
1) recrystallization
68% from 10
MeO
 
Scheme 2-3.  Recrystallization and Optical Purity Enhancement of α-Silyl-γ-Ketoamide 11 
    The next logical step in reaction optimization was to determine the reactivity when 
employing a pre-formed lithium phosphite catalyst (13).  The pre-formed phosphite 13 has 
several advantages in the reaction protocol.  One can be assured that excess base is not 
present in the reaction when using lithio-phosphite 13, thus the threat of racemizing the 
newly formed acidic stereocenter is reduced.  This catalyst substitution also improves the 
experimental simplicity.  Metallophosphite 13-Ph was prepared in a flame-dried Schlenck 
flask stirring phosphite 1-Ph in THF with nBuLi.  After after 5 min, the solvent was removed 
by high vacuum revealing 13-Ph as a pale, yellow solid that was handled and stored in the 
glovebox.  Metallophosphite 13-Ph was used to catalyze the addition of acyl silane 7 to 
cinnamide 10 in diethyl ether.  Unfortunately, the reaction proceeded to only about 50% 
conversion.  While the pre-formed catalyst did not afford the desired reactivity in the 
conjugate addition, 13-Ph did catalyze the analogous cross silyl benzoin reaction to 
completion.  The ortho-fluorophenyl phosphite derivative 13-FPh has demonstrated the best 
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enantioselectivities in the addition of acyl silanes to aldehydes.  The lithio-phosphite was 
synthesized and used in the optimized reaction conditions, affording the α-silyloxyketone 
product in 78% ee, which is slightly lower enantiomeric excess than what had been 
previously reported (Scheme 2-4). 
Scheme 2-4.  Cross Silyl Benzoin Reaction Catalyzed by the Pre-Formed Lithio-Phosphite 13 
    The key experiments in the reaction evolution are summarized in Table 2-3 and a more 
extensive tabulation can be found in the Experimental Section.  All reactions were run on a 
100 mg scale in a glovebox using 20 mol % of the phosphite catalyst and base, lithium 
hexamethyldisilazide.  The optimized reagents were also tested using catalyst 1-Ph (entry 7) 
for a direct comparison to the menthone phosphite 6b, and phosphite 6a (entry 9) was 
employed to demonstrate that both product enantiomers can be obtained.  Since the use of 
tetra-N-butylammonium fluoride (TBAF) was occasionally found to cause erosion in product 
enantioselectivity depending on contact time with the substrate, a final operational 
modification was made involving the deprotection step.  Specific experiments are described 
in the Experimental Section.  Desilylation using HF⋅pyridine in acetonitrile gave comparable 
yields and consistent enantioselectivities (entries 8, 9). 
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Table 2-3.  Optimization of Reaction Conditions for Alkene Acylationa 
O
SiR3Ar
O
NR'2Ph
2) F source
Ar
NR'2
O
Ph O
+
1) phosphite (20 mol %),
LiN(SiMe3)2 (20 mol %),
Et2O, -35 → 25 °C, time
 
entry Ar SiR3 NR´2 phosphite time (h) F¯ source yield (%) % ee 
1 Ph SiMe2Ph N O
 
1-Ph 1.0 TBAF 67 50 
2 Ph SiMe2Ph N O
 
6b 1.0 TBAF 57 -60 
3 Ph SiMe2Ph NMe2 6b 2.5 TBAF 40 -71 
4 Ph SiEt3 NMe2 6b 2.0 TBAF 44 -87 
5 p-MeOPh SiEt3 NMe2 6b 0.75 TBAF 85 -90 
6 p-MeOPh SiMe2Cy NMe2 6b 0.25 TBAF 78 -87 
7 p-MeOPh SiMe2Cy NMe2 1-Ph 1.0 TBAF 54 81 
8 p-MeOPh SiMe2Cy NMe2 6b 0.25 HF⋅pyr 73 -89 
9 p-MeOPh SiMe2Cy NMe2 6a 1.0 HF⋅pyr 82 88 
a ArC(O)SiR3 (1.0 equiv), PhCH=CHC(O)NR´2 (1.5 equiv), phosphite (0.2 equiv.), and LiN(SiMe3)2 (0.2 
equiv) in Et2O at 25 °C for 0.25-2.0 h after slow addition.  
    After an optimized reaction protocol had been established for the asymmetric conjugate 
addition of acyl silanes to α,β-unsaturated amides in the glovebox, it was necessary from a 
practicality standpoint to achieve those yields and enantioselectivities outside of the 
glovebox.  Our initial efforts resulted in inconsistent results with incomplete conversion 
arising as a common problem even under nominally anhydrous and anaerobic conditions.  
Separation and isolation of materials from these reactions and identification of them by 31P 
spectroscopy and mass spectrometry revealed the presence of (1) the conjugate addition 
product between the phosphite and unsaturated amide2 (A, Figure 2-1) and (2) the 
 49
(siloxy)phosphonate resulting from quenching of the Brook rearrangement product (B, 
Figure 2-1).  The precursors to these by-products are understandably sensitive to traces of 
proton sources.  The use of excess base was sufficient in the cross benzoin studies to achieve 
a simple reaction protocol and avoid this problem, but conditions employing excess base 
gave nearly racemic product in the current study.  To achieve full conversion outside of the 
glovebox, we found it optimal to conduct reactions on at least a 200 mg scale using 30 mol % 
of phosphite and 30 mol % of LiN(SiMe3)2 at room temperature.  This gave a simple and 
reproducible protocol and also simplified recrystallization of the silylated product. 
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A
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Figure 2-1.  Isolated Products from Quenched Reactions 
    2.2.2   Substrate Scope and Limitations.  The reaction scope with respect to the β-
substituent on the Michael acceptor was then analyzed employing the aforementioned 
reaction conditions.  An aliquot from each reaction was removed and desilylated to determine 
the kinetic enantioselectivity for the addition.  When possible, the remaining α-silyl-γ-
ketoamide was recrystallized.  Deprotection with HF⋅pyridine in acetonitrile afforded γ-
ketoamides 12a-k.  Yields and enantioselectivities of the final products are listed in Table 2-
4 on the following page. 
The alkene acylation is applicable to α,β-unsaturated amides containing both electron-
donating (entries 2-4) groups and electron-withdrawing groups (entries 6-8) in the β-position 
of the Michael acceptor, affording the product in reasonable yields and high 
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enantioselectivities except for the strongly electron-donating furyl substituent (entry 5).  β-
Alkyl amides also undergo productive coupling with somewhat lower product 
enantioselectivities (entries 10-11).  While the scope is good for the Michael acceptor, a 
notable limitation of this acylation protocol in its current form is its inability to successfully 
couple alkyl acyl silanes (RC(O)SiR'3, R = alkyl) with unsaturated amides in yields > 10%.  
Since the metallophosphite addition and Brook rearrangement steps have been demonstrated 
for alkyl acyl silanes,4 this lack of reactivity is apparently due to the inability of the 
(silyloxy)phosphonate anion to participate in conjugate addition. 
    Table 2-4.  Substrate Scope of Asymmetric Metallophosphite-Catalyzed Alkene Acylationa 
O
SiMe2Cy
MeO
O
NMe2R
NMe2
O
R
O
MeO
+
10
1) 6b (30 mol %),
LiN(SiMe3)2 (30 mol %),
Et20, 25 °C
12a-k
2) recrystallization
3) HF⋅pyridine,
CH3CN, 25 °C
 
entry R % yield % ee (aliquot) % ee (12) 
1 Ph 67 89 99 
2 p-MeOPh 66 91 -b 
3 p-MePh 79 89 -b 
4 m-MePh 74 92 99 
5 2-furyl 17 29 -c 
6 p-ClPh 67 94 98 
7 N-tosylindol-3-yl 60 96 96 
8 p-CF3Phd 86 76 -b 
9 2-napthyl 62 90 99e 
10 Med 49f 85f -g 
11 Etd 80 69 -b 
a p-MeOPhC(O)SiCyMe2 (1.0 equiv), RCH=CHC(O)NMe2 (1.5 equiv), phosphite (0.3 equiv.), 
and LiN(SiMe3)2 (0.3 equiv) in Et2O at 25 °C for 0.25-3.0 h after slow addition. b Attempts at 
recrystallization of the α-silyl-γ-ketoamide or final product (12) were unsuccessful.  c Yield was too 
low to attempt recrystallization. d 1.1 equiv of RCH=CHC(O)NMe2 was employed and was added 
with the acyl silane to the metallophosphite mixture. e The major enantiomer was found in the 
mother liquor after recrystallization. f Yield and % ee after separation of the major diastereomer. g 
Recrystallization yielded little improvement in enantioselectivity. 
 51
    The optimized reaction conditions described above work well on a reasonable laboratory 
scale.  On a 5-g scale, the addition of 10 to N,N-dimethylcinnamide catalyzed by 6b gives the 
α-silyl-γ-ketoamide 11 in >99% enantiomeric excess after crystallization.  Deprotection with 
HF·pyridine and recyrstallization give the enantiopure γ-ketoamide 12a in 61% yield for the 
two steps. 
   2.3.3   Manipulation of α-Silyl-γ-Ketoamide.  As in Chapter 1, after reaction 
optimization, we were initially attracted to functionalization of the α-silyl-γ-ketoamide 11.  
Again, attempts at forming the secondary alcohol via a stereospecific Tamao-Fleming 
oxidation7,8 provided desilylated products 12 and brominated products analogous to those 
obtained from the original investigations.1   
    Hartwig has recently published a stereoselective palladium-catalyzed arylation of 
trimethylsilyl enolates with high functional group tolerance using 5% Pd(dba)2, 10% PtBu3 
and 0.5 equivalents of ZnF2.9  The potential for 11 to couple with aryl halides in a similar 
fashion to form the diarylated product (14) employing several variations of the reported 
protocol were examined and are in Table 2-5 on the following page.  The desired product 14 
was obtained from three different reaction conditions (entries 1, 3, 7), but yields were neither 
synthetically useful nor reproducible.  Few conditions gave any reactivity and the dominant 
reaction pathway of the conditions where the starting material was consumed afforded 
desilylation to yield compound 12.   
    Although 11 did not exhibit enolate reactivity in cross-coupling reactions, we wanted to 
examine more traditional enolate manipulations such as the addition to aldehydes in 
Mukaiyama aldol reactions.  Doyle has optimized a Lewis acid-catalyzed Mukaiyama aldol 
addition of tert-butyldimethylsilyl (TBS) enol ethers to aromatic and aliphatic aldehydes in  
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Table 2-5.  Screen of Palladium-Catalyzed Arylation of α-Silyl-γ-Ketoamide (11) 
NMe2
O Ph
O
5% Pd(dba)2, 10% PtBu3
PhX, additive (0.5 equiv),
solvent, 80 °C, 24 h Ph
NMe2
O Me2SiCy
OPh
11 14
MeO MeO
NMe2
O
OSiCyMe2PhMeO
(2)
 
entry solvent X additive % conversion % yield of 14a d.r of 14a % yield of 12a 
1b DMF Br ZnF2 100 15 1.2 : 1.0 85 
2 Dioxane Br ZnF2 <5 - - <5 
3 PhMe Br ZnF2 62 8 7.5 : 1.0 54 
4 PhMe I ZnF2 - - - - 
5 DMF I ZnF2 20 - - 20 
6 Dioxane I ZnF2 <5 - - <5 
7c DMF Br ZnF2 58 9 4.4 : 1.0 49 
8 DMF I ZnF2 <5 - - <5 
9 PhMe I ZnF2 - - - - 
10 DMF Br TBAT 95 - - 95 
11 PhMe Br TBAT - - - - 
12 PhMe Br ZnCl2 - - - - 
13 PhMe Br ZnBr2 - - - - 
14 PhMe Br CuBr - - - - 
15 PhMe Br CuI - - - - 
a Determined by 1H NMR analysis. b Temperature = 150 °C  c SiR3 = SiMe2Ph. 
nearly quantitative yields.10 Satoh and co-workers achieved similar aldol-type products 
employing molecular sieves and TBAF.11  More analogous to our proposed reaction, 
Simpkins has reported that α-silylamides can be trapped by several electrophiles including 
benzaldehyde.12  All of these methods were explored with substrate 12 to achieve the 
Mukaiyama aldol product (15) and several of those results are illustrated in Table 2-6 on the 
following page.  Unfortunately, none gave the desired product 15.  Different temperatures 
were evaluated in the conditions reported for entry 5 to initiate cleaner reactions and gain a 
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better understanding of the reactivity taking place.  No products were isolated in appreciable 
quantities, and by mass spectrometry analysis, no desired product was formed.  
Table 2-6.  Screen of Mukaiyama Aldol Reactions Employing α-Silyl-γ-Ketoamide 11 
NMe2
O
O
PhCHO (5.0 equiv),
Lewis acid or F- source
solvent, 24 h Ph
NMe2
O Me2SiCy
OPh
11 15
MeO MeO
Ph OH
 
entry Lewis acid or F- source solvent results 
1a        BF3·OEt2 CH2Cl2 11 and trace 12 
2a BF3·OEt2 THF no reaction 
3a Sc(OTf)2 CH2Cl2 11 and trace 12 
4b CsF, 18-c-6 THF 12 
5c TBAF THF no desired product 
6a TBAT THF complex mixture 
7a ZnF2 THF no reaction 
8c ZnF2 DMF no reaction 
a  1.0 equiv of the Lewis acid or F- source at -78 °C warming to rt.10  b 
1.0 equiv CsF, 0.1 equiv 18-c-6.12  c (1) PHCO, THF, 4 Å sieves, rt → 
-40 °C, (2) F- source, 30 min, (3) KOH, MeOH, 10 min.11 
 
    In a last attempt to evoke enolate reactivity, the α-silyl-γ-ketoamide 11 was exposed to 
various other electrophiles such as benzyl bromide, N-chlorosuccinamide, N-
iodosuccinamide, and iodine, but in no case was the desired transformation observed.  Thus, 
we next examined possible manipulations of the γ-ketoamide 12. 
2.3.4   Manipulation of γ-Ketoamide and Stereochemistry.  Table 2-3 suggests, and 
experiments with other acyl silanes confirm that the p-anisyl substituent in 10 is needed for 
high yield and enantioselectivity.  We viewed this apparent limitation as an opportunity to 
develop useful second-stage reactions involving the acylation products.  In particular, we 
considered that oxidation of the Caryl–Ccarbonyl bond would provide a broader selection of 1,4-
dicarbonyl compounds with more flexibility for subsequent manipulation.  Such Baeyer-
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Villiger reactions of (methoxyphenyl)ketones in conjunction with asymmetric synthesis are 
well-documented.13-17  Indeed, exposure of 12a and 12j to m-chloroperbenzoic acid (m-
CPBA) in chloroform resulted in oxidation of the ketones to the derived p-methoxyphenyl 
(PMP) esters 16a and 16j, respectively (eq 3).  As expected, no loss in optical purity was 
observed for the ester products.  The difference in the yield for 16a relative to 16j arises from 
a regioisomeric Baeyer-Villiger product in the former case. 
O
NMe2
O
R O
m-CPBA
CHCl3,
25 °C
(3)
NMe2
O
R O
MeO
12a R = Ph, 99% ee
12j R = Me, 89% ee
16a R = Ph, 82% yield, 99% ee
16j R = Me, 95% yield, 89% ee
MeO
 
    The PMP esters are useful compounds that permit differentiation of the two carbonyl 
groups and provide access to other useful building blocks (Scheme 2-5).  Transesterification 
of 16a with methanol occurs to afford the corresponding methyl ester 17 with little 
racemization.  Ester 16a undergoes chemoselective reduction with NaBH4 to give γ-
hydroxyamide 18 in >95% yield with negligible loss in enantiopurity. 
MeO
NMe2
O
Ph O
K2CO3
MeOH,
0 °C
76% 17, 93% ee
PMPO
NMe2
O
Ph O
16a, 99% ee
HO
NMe2
Ph O
NaBH4
MeOH,
60 °C
99% 18, 99% ee
PMPO
NMe2
O
Ph O
16a, 99% ee
[α]D20 = -44 (c = 1.05, 95% aq. EtOH)
lit. : [α]D20 = -14.2 (c = 0.7, 95% aq. EtOH)  
Scheme 2-5.  Synthetic Operations Involving 16a 
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    The absolute configuration of 18 (and thence 16a and 12a) was established through 
comparison of its optical rotation to that reported in the literature for the 3(R) isomer.18  This 
assignment was verified through an X-ray diffraction study of enantiomerically pure 12f; this 
amide also possessed the (R) configuration.19  These stereochemical proofs are at odds with 
the stereochemistry we initially proposed for compound 5.  That analysis involved the 
conversion of γ-ketoamide 5 to the γ-lactone 19, whose absolute stereostructure had been 
previously proposed on the basis of CD studies on related compounds (eq 4).20  The 
discrepancy between that assignment and the stereochemical assignments established in this 
chapter through both chemical correlation and X-ray crystallography suggests either (1) the 
stereochemical assignment made by Chang et al. (and by corollary our assignment of 5) is 
incorrect or (2) there is a turnover in absolute stereochemical preference for acyl 
silane/amide combination 2/3 versus 7/10.  Difficulty in obtaining 5 in high enantiomeric 
excess has so far precluded the use of derivatization and X-ray crystallography to resolve this 
issue.  The absolute configuration of 5 must therefore be considered tentative.  In practice, 
however, the most synthetically useful and highly enantioenriched adducts described in this 
chapter (i.e., 12) are those whose absolute stereostructures have been unambiguously 
determined.  It is noteworthy that the topicity preference for the tartrate-based 
(silyloxy)phosphonate anion intermediate is the same for both aldehyde and alkene 
electrophiles, a fact that would seem to augur well for extension to other electrophiles. 
NaBH4
MeOH,
60 °C
99% 18
absolute conf iguration proposed by
Chang, et al. based on CD
Ph
N
O
Ph O
5
(synthesized using
catalyst 1)
[α]D25 = +54 (c = 0.35, CHCl3)
lit. : [α]D25 = -14.2 (c = 1.0, CHCl3)
OPh
Ph
O (4)
O
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    2.3.5   Reaction Characteristics.  Catalyst Structure.  To better understand the structural 
features of the l-menthone-modified catalyst that result in enhanced enantiocontrol, we 
undertook x-ray diffraction studies of phosphites 1-Ph and 6b (Figure 2-2).13  The structure 
of 6b reveals that the isopropyl group of the menthone moiety is disposed approximately on 
the pseudo-C2 axis of the catalyst tartrate framework.  Further inspection indicates that the 
presence of the isopropyl group results in nonbonded compression of the nearby pseudoaxial 
phenyl group into the reaction site (i.e. toward the phosphorus atom).  This is most clearly 
manifested in the distance between the ketal carbon and the para carbon of the pseudoaxial 
phenyl group syn to the isopropyl group.  For 6b this distance is 5.482 Å, while the 
analogous measurement for 1-Ph gives a distance of 5.192 Å.  For comparison, the distance 
from the ketal carbon to the para carbon of the pseudoaxial phenyl group anti to the 
isopropyl group in 6b is 5.110 Å.  These observations may reveal a structural basis for the 
enhanced enantioselectivity, since the isopropyl group appears to force one of the phenyl 
groups in closer proximity to the obligatory transition structure.  Such transmission effects 
have been observed crystallographically in other nonacetonide TADDOL derivatives.3  The 
fact that 6a and 6b provide opposite but equal enantioselectivity suggests that the absolute 
configuration of the menthone is not important, a supposition that is congruent with the 
position of the isopropyl group on the pseudo-C2 axis.  
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O O
O
O
P
O
H
5.482 Å
OO
O
O
P
O
H
5.192 Å
1-Ph 6b  
Figure 2-2. X-Ray Structures of Phosphites 1-Ph and 6b 
    In response to the positive effects on enantiomeric excess that the l-menthone exhibited, 8-
phenylmenthone was synthesized and also exploited in the ketalization of Enders TADDOL 
ligand to form phosphite 19.  Not only was the synthesis of 19 difficult and low yielding due 
to the steric demand, but it demonstrated no enhancement in enantiomeric excess and 
provided very little of the desired product (12) in 82% ee (eq 4).   
O
SiMe2Cy
MeO
O
NMe2Ph
NMe2
O
Ph O
MeO
+
10
1) (20 mol %),
LiN(SiMe3)2 (20 mol %),
Et20, 25 °C
12a, 82% ee
2) Bu4NF, 25 °C7
O
P
OO
O
O
H
Ph
Ph
Ph
Ph
Me
Me
Ph
Me 19
(5)
 
    2.3.6  Test for Silyl Group Transfer Pathway.  A crossover experiment was designed 
(Scheme 2-6) to distinguish whether the silyl transfer in the title reaction was occurring via 
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an intramolecular or intermolecular pathway.  Phosphite 6b was used to catalyze the reaction 
of para-methoxybenzoyl dimethylcyclohexylsilane (10) and benzoyl triethylsilane (20) with 
a single α,β-unsaturated amide, N,N-dimethylcinnamide (7), under conditions stated in the 
Experimental section.  By 1H NMR spectroscopy, the α-silyl-γ-ketoamides 11 and 21 were 
each obtained in >80% yield (versus internal standard) and to the virtual exclusion of any 
intermolecular Si-transfer products. 
PMP SiCyMe2
O
NMe2
O
Ph
Ph SiEt3
O
Ph NMe2
O
SiCyMe2
OPMP
Ph NMe2
O
SiEt3
OPh
Ph NMe2
O
SiEt3
OPMP
Ph NMe2
O
SiCyMe2
OPh
(40 mol %),
LiN(SiMe3)2
(40 mol %)
Et2O, 25 °C+
11
21 23
only adducts
10
7
20
22
6b
<3% observed  
 
Scheme 2-6. Crossover Experiment to Determine Silyl Group Transfer Pathway 
With the confirmation that the silicon migration is intramolecular, we propose that the high 
anti diastereoselectivity21 can be explained through consideration of some simple 
conformational issues.  In the catalyzed alkene acylation, the reactive conformer of the 
acceptor is presumed to be s-cis22 due to the steric demand present in the s-trans conformer 
between the N-methyl substituent and the β-hydrogen (Scheme 2-7).  Conjugate addition of 
the (siloxy)phosphonate anion23 should provide the nascent lithium enolate in the favored 
(Z)-geometry.  In this conformation, intramolecular retro-[1,4] Brook rearrangement24 is 
expected to be strongly favored from the rear face of the enolate due to associated A1,3 
constraints (as depicted in Scheme 2-7). 
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Scheme 2-7. Proposed Model for anti-Diastereoselectivity 
2.4   Conclusions 
    High enantioselectivities can now be achieved in the catalytic intermolecular conjugate 
addition of acyl silanes to α,β-unsaturated amides.  The reactions take place at room 
temperature in less than two hours for a variety of β-aryl and alkyl substituted amides.  In 
many cases the α-silyl-γ-ketoamides formed after the nucleophilic addition are stable solids 
that may be purified by recrystallization.  The simple purification leads to useful 
enantioselectivity enhancement in several cases.  While the catalyst loading is not optimal in 
the current iteration, the phosphites are trivial to prepare from inexpensive starting materials 
that are available in either antipode.  The levels of enantiocontrol realized for the title 
reaction are the highest for any intermolecular Stetter-type reactions to date, and the products 
may be transformed to terminally differentiated chiral succinates. 
2.5   Experimental 
    Materials and Methods:  General.  Infrared (IR) spectra were obtained using a Nicolet 
560-E.S.P. infrared spectrometer.  Proton and carbon nuclear magnetic resonance spectra (1H 
and 13C NMR) were recorded on the following instruments:  Bruker model Avance 400 (1H 
NMR at 400 MHz and 13C NMR at 100 MHz) and Varian Gemini 300 (1H NMR at 300 MHz 
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and 13C at 75 MHz) spectrometers with solvent resonance as the internal standard (1H NMR:  
CDCl3 at 7.26 ppm and 13C NMR:  CDCl3 at 77.0 ppm).  1H NMR data are reported as 
follows:  chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, sep = 
septet, m = multiplet), coupling constants (Hz), and integration.  Combustion analyses were 
preformed by Atlantic Microlab Inc., Norcross, GA.  Analytical thin layer chromatography 
(TLC) was performed on Whatman 0.25 mm silica gel 60 plates.  Visualization was 
accomplished with UV light and aqueous ceric ammonium nitrate molybdate solution 
followed by heating.  Purification of the reaction products was carried out by flash 
chromatography using Sorbent Technologies silica gel 60 (32-63 µm).  All reactions were 
carried out under an atmosphere of nitrogen in flame-dried glassware with magnetic stirring.  
Reagents were massed out in the glovebox.  Yield refers to isolated yield of analytically pure 
material.  Yields are reported for a specific experiment and as a result may differ slightly 
from those found in the tables, which are averages of at least two experiments.  Diethyl ether 
was dried by passage through a column of neutral alumina under nitrogen prior to use.25  
Acyl silanes26-28 and α,β-unsaturated amides29 were prepared by literature methods.  
TADDOL-phosphites were synthesized via the method reported in a previous 
communication.4  
    Optimization Studies  
    General procedure (A) for the reaction of acyl silanes with α,β-unsaturated 
cinnamamides.  In the glovebox, 100 mg (0.42 mmol, 1.0 equiv) of acyl silane were added 
to a dry, 20-mL scintillation vial, while 42.6 mg (0.083 mmol, 0.2 equiv) of the (R,R)-
TADDOL-phosphite, 13.9 mg (0.083 mmol, 0.2 equiv) of LHMDS, and 136 mg (0.63 mmol, 
1.5 equiv) of the amide were added to a second dry 20-mL scintillation vial.  Et2O (4 mL) 
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was added to the metallophosphite mixture in order to dissolve all of the contents of the vial.  
Et2O (2 mL) was added to the acyl silane, and both vials were placed in the freezer at -35 °C.  
After 0.5 h, the vials were removed from the freezer and the acyl silane solution was added to 
the metallophosphite mixture slowly (1 drop/sec) via pipette and allowed to warm to room 
temperature.  After the starting material was consumed (TLC analysis), the solvent was 
removed in vacuo.  The silylated intermediate was passed through a silica gel plug using 40% 
EtOAc/hexanes, and concentrated.  
    General procedure (B) for desilylation of the α-silyl-γ-ketoamide with tetra-N-
butylammonium fluoride to afford the desired 1,4-dicarbonyl compound.  The product 
was redissolved in THF.  The reaction mixture was treated with 0.32 mL (0.84 mmol, 2.0 
equiv) of a 1 M solution of tetra-N-butylammonium fluoride (TBAF) in THF and was 
immediately quenched with several milliliters of a saturated aqueous solution of NH4Cl.  The 
product was then extracted with Et2O and washed twice with water.  The organic extracts 
were combined and dried over Na2SO4, filtered, and concentrated.  The product was purified 
by flash chromatography, eluting with 1:1 EtOAc/hexanes to afford the pure 1,4-dicarbonyl 
compound.  The enantioselectivity of the reaction was determined by CSP-SFC analysis 
((S,S)-Whelk-O1, 10% MeOH, 2.0 mL/min, 200 bar, 40 °C, 240 nm). 
    General procedure (C) for desilylation of the α-silyl-γ-ketoamide with HF⋅pyridine to 
afford the desired 1,4-dicarbonyl compound.  The product was transferred to a plastic vial 
with stir bar and dissolved in 16 mL of CH3CN to which 3.4 mL of an HF⋅pyridine solution 
were added and stirred.  After the silylated material was consumed (TLC analysis), the 
reaction was quenched with several milliliters of a saturated aqueous solution of Na2CO3.  
The mixture was washed with two 10 mL portions of water and the desired product was 
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extracted with two 10 mL portions of CH2Cl2, dried over MgSO4, filtered and concentrated.  
The product then was purified by flash chromatography, eluting with (1:1) EtOAc/hexanes to 
afford the pure 1,4-dicarbonyl compound.  The enantioselectivity was determined by CSP-
SFC analysis ((S,S)-Whelk-O1 under identical conditions to those stated in General 
Procedure B. 
    Phosphite Screen 
    Synthesis of 6b. 
CO2Et
CO2Et
O
O
Me
iPr
1) (EtO)3CH, 90°C
2) MeSO2OH (cat.),
              3-4 h
O
Me
iPr HO CO2Et
CO2EtHO
 
    Ketalization of diethyl-(D)-tartrate with l-menthone.  To a 25-mL round-bottom flask 
with stir bar was added open to the atmosphere diethyl-(D)-tartrate (4.0 mL, 23.3 mmol, 1.5 
equiv), l-menthone (2.7 mL. 15.5 mmol, 1.0 equiv), and triethylorthoformate (3.9 mL, 23.3 
mmol, 1.5 equiv).  The mixture was heated to 90°C before addition of methanesulfonic acid.  
The reaction was stirred for 3-4 h, occasionally purging the flask with argon to rid the 
atmosphere of EtOH.  The mixture was then diluted and transferred with 50 mL of CH2Cl2 to 
a separtory funnel where it was washed with two 50-mL portions of a saturated aqueous 
solution of NaHCO3.  The product was extracted with two 25-mL portions of CH2Cl2, 
washed with brine and dried over MgSO4.  After filtering the drying agent, the solvent was 
concentrated and the product was isolated by flash chromatography using 10% 
EtOAc/hexanes to afford 4.76 g (89%) of the product as a yellow oil and 12:1 d.r.  This 
material was employed directly in the next reaction.  For the 1H NMR spectrum, see the 
Appendix. 
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CO2Et
CO2Et
O
O
Me
iPr
PhMgBr,
THF, 0 → 25 °C
OH
OHO
O
Ph
Ph Ph
PhMe
iPr  
    Synthesis of l-menthone-derived TADDOL.  To a dry 500-mL round-bottom flask 
equipped with addition funnel and magnetic stir bar was added under Ar 200 mL (200 mmol) 
of a 1 M phenylmagnesium bromide solution in THF.  The addition funnel was charged with 
10.25 g (29.9 mmol) of the diester in 60 mL of THF.  The reaction mixture was cooled to 
0°C and the diester solution was added dropwise with stirring over 45 min.   The reaction 
mixture was allowed to warm to rt and stir for 1.5 h.  The reaction mixture was quenched 
with saturated NH4Cl (aq.), extracted with Et2O (3 x 50 mL), dried (MgSO4), and purified by 
flash chromatography with 10% EtOAc in hexane.  The product was recrystallized from 140 
mL of hot EtOAc/hexane (1:6) to afford 9.38 g (56%) of the diol as a 2:1 clathrate with 
EtOAc as colorless crystals. For the 1H NMR spectrum, see the Appendix. 
 
O
P
OO
O
Ph
Ph Ph
Ph
O
H
Me
iPr
6b
1) PCl3/Et3N,
     THF, 0°C
2) H2O/Et3N,
    THF, 0°C
OH
OHO
O
Ph
Ph Ph
PhMe
iPr
 
    Synthesis of l-menthone-derived TADDOL-phosphite 6b.  To a dry 300 mL two-necked 
round-bottom flask equipped with addition funnel and magnetic stir bar was added under 
argon THF (70 mL) and PCl3 (5.30 g, 38.6 mmol, 2.5 equiv) via syringe under argon.  The 
reaction mixture was cooled to 0°C and triethylamine  (8.63 mL, 61.8 mmol, 4 equiv) was 
added via syringe with stirring.  The addition funnel was charged with the diol clathrate (8.70 
g, 15.46 mmol) in 80 mL THF.  The diol solution was added dropwise at 0 °C with stirring 
over 20 min.  After 1 h at 0 °C, triethylamine (2.16 mL, 15.46 mmol) and H2O (0.278 mL, 
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15.46 mmol) were added to the resulting mixture via syringe.  The reaction mixture was 
allowed to warm to room temperature and continue to stir for 1 h.  Solid triethylammonium 
chloride was removed by filtration through a pad of MgSO4 and the solvent was removed 
with a rotary evaporator. The crude product was purified by flash chromatography with 30% 
EtOAc in hexane to afford 8.56g (91%) of the product as a white powder as a 1:1 mixture of 
diastereomers.  [α]D25 +271 (c = 1.4, CH2Cl2). Analytical data for title compound: IR (thin 
film, cm-1) 3060, 2953, 2923, 2868, 2443, 1717, 1597, 1496, 1448, 1281, 1173, 1093, 1074, 
998, 964, 950, 740, 697; 30 1H NMR (400 MHz, CDCl3) δ 7.62-7.53 (m, 8H), 7.50-7.00 (m, 
32H), 7.10 (d, JH-P = 734 Hz, 1H), 7.08 (d, JH-P = 730 Hz, 1H) 5.36-5.30 (m, 2H), 5.17-5.13 
(m, 2H), 1.53-1.45(m, 2H), 1.40-1.27 (m, 2H), 0.98-0.94 (m, 4H), 0.77-0.73 (m, 6H), 0.54-
0.50 (m, 12H), 0.22-0.08 (m, 10H); 31P NMR (162 MHz, CDCl3) δ -1.91, -2.14; 13C NMR 
(100 MHz, CDCl3) δ 144.09, 144.06, 143.9, 143.8, 143.6, 143.5, 139.9, 139.8, 139.63, 
139.56, 139.48, 139.42, 139.38, 139.35. 129.0, 128.82, 128.78, 128.65, 128.59, 128.55, 
128.53, 128.51, 128.48, 128.4, 128.3, 128.14, 128.10, 127.77, 127.74, 127.71, 127.69, 
127.43, 127.41, 127.36, 127.28, 126.7, 126.63, 126.60, 117.24, 117.18, 89.9, 89.8, 89.2, 89.1, 
88.8, 88.7, 88.3, 88.2, 78.99, 78.97, 78.67, 78.75, 78.46, 78.44, 78.26, 78.25, 49.8, 49.6, 43.7, 
43.3, 34.2, 30.3, 30.2, 26.82, 26.79, 25.15, 25.12, 24.45, 24.37, 21.76, 21.71, 20.84, 20.78; 
TLC (30% EtOAc/hexanes) Rf 0.28.  For the 1H NMR spectrum, see the Appendix. 
    Amide Screen 
  
    Deprotection.  There is a noticeable time dependence on the enantioselectivity in the 
desilylation reaction that caused us to rethink our deprotection conditions (Scheme 2-8).   
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Scheme 2-8.  Study of Deprotection by Tetrabutylammonium Fluoride 
    A direct comparison in another deprotection revealed the superiority of HF⋅pyridine 
(Scheme 2-9).  
Ph
NMe2
O
O
SiMe2Cy
MeO
NMe2
O
Ph O
MeO
Bu4NF, THF, 25 °C, 77% ee
12a11
HF⋅pyridine, CH3CN, 25 °C, 83% ee  
Scheme 2-9.  Deprotection with TBAF Versus HF⋅Pyridine 
Experiments for Table 2-3. 
SiMe2Ph
O
N
O
O
Ph
O
N
OPh
O1) 1b (20 mol %)
LiN(SiMe3)2 (20 mol %)
Et2O, -35 °C → 25 °C
2) TBAF, THF, 25 °C
(2S)-5  
    4-Morpholin-4-yl-1,2-diphenylbutane-1,4-dione (5, Table 2-3, entry 1).  The title 
compound was prepared according to General Procedure A using 100 mg of acyl silane, 136 
mg of amide, 42.6 mg of phosphite, and 13.9 mg of LiN(SiMe3)2.  The reaction stirred for 1 h 
after addition of the acyl silane.  Following TBAF deprotection, as outlined in General 
Procedure B, and aqueous workup, the product was purified by flash chromatography with 
40% EtOAc/hexanes to afford 83.1 mg (68%) of the product as a white, foamy solid in 50% 
ee as determined by CSP-SFC analysis (tr-major 13.2 min, tr-minor 8.9 min); CSP-SFC 
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chromatogram for racemic sample and 50% ee sample is shown below.  Analytical data for 
title compound:  IR (thin film, cm-1) 3061, 2966, 2901, 2858, 2247, 1772, 1687, 1639, 1442, 
1273, 1117, 1036, 953, 910, 735, 702; 1H NMR (400 MHz, CDCl3) δ 8.05-7.95 (m, 2H), 
7.50-7.46 (m, 1H), 7.42-7.19 (m, 7H), 5.26 (dd, J = 10.0, 4.0 Hz, 1H), 3.76-3.38 (m, 9H), 
2.66 (dd, J = 16.0, 4.0 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 199.1, 169.6, 138.3,136.2, 
132.8, 129.0, 128.8, 128.4, 128.1, 127.3, 66.6, 66.3, 49.3, 45.7, 41.9, 37.9; TLC (40% 
EtOAc/hexanes) Rf 0.19; Anal. Calcd for C20H21NO3:  C, 74.28; H, 6.55; N, 4.33.  Found:  C, 
74.21; H, 6.65; N, 4.27. 
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    4-Morpholin-4-yl-1,2-diphenylbutane-1,4-dione (5, Table 2-3, entry 2).  The title 
compound was prepared according to General Procedure A using 99 mg of acyl silane, 136 
mg of amide, 51 mg of phosphite, and 14 mg of LiN(SiMe3)2.  The reaction stirred for 1 h 
after addition of the acyl silane.  Following TBAF deprotection, as outlined in General 
Procedure B, and aqueous workup, the product was purified by flash chromatography with 
40% EtOAc/hexanes to afford 64.7 mg (53%) of the product as a white, foamy solid in 61% 
 67
ee as determined by CSP-SFC analysis (tr-major 9.4 min, tr-minor 14.2 min); CSP-SFC 
chromatogram for 61% ee sample is shown below.  Analytical data for the title compound is 
identical to Table 2-3, entry 1. 
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    N,N-Dimethyl-4-oxo-3,4-diphenylbutyramide (8, Table 2-3, entry 3).  The title 
compound was prepared according to General Procedure A using 100 mg of acyl silane, 109 
mg of amide, 50.6 mg of phosphite, and 13.9 mg of LiN(SiMe3)2.  The reaction stirred for 2.5 
h after addition of the acyl silane.  Following TBAF deprotection, as outlined in General 
Procedure B, and aqueous workup, the product was purified by flash chromatography with 
40% EtOAc/hexanes to afford 46.8 mg (40%) of the product as white solid in 71% ee as 
determined by CSP-SFC analysis (tr-major 6.8 min, tr-minor 11.0 min); CSP-SFC chromatograms 
for both racemic and 71% ee samples are shown below.  Analytical data for the title 
compound:  IR (thin film, cm-1) 306, 3028, 2926, 11681, 1646, 1597, 1495, 1448, 1399, 
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1249, 1146, 953, 762, 700; 1H NMR (400 MHz, CDCl3) δ 8.00-7.98 (m, 2H), 7.49-7.16 (m, 
8H), 5.22 (dd, J = 12.0, 3.6 Hz, 1H), 3.48 (dd, J = 16.4, 10.4 Hz, 1H), 2.98 (s, 3H), 2.88 (s, 
3H), 2.61 (dd, J = 16.0, 3.6 Hz, 1H); 13C NMR (75 MHz, CDCl3) δ 199.5, 171.0, 138.6, 
136.5, 132.7, 129.0, 128.9, 128.4, 128.2, 127.2, 49.5, 38.6, 37.0, 35.4 (four sets of coincident 
aromatic resonances); TLC (40% EtOAc/hexanes) Rf 0.06; mp 114-117 °C.  For the 1H NMR 
spectrum, see the Appendix. 
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    N,N-Dimethyl-4-oxo-3,4-diphenylbutyramide (8, Table 2-3, entry 4).  The title 
compound was prepared according to General Procedure A using 100 mg of acyl silane, 119 
mg of amide, 55 mg of phosphite, and 15 mg of LiN(SiMe3)2.  The reaction stirred for 2 h 
after addition of the acyl silane.  Following TBAF deprotection, as outlined in General 
Procedure B, and aqueous workup, the product was purified by flash chromatography with 
40% EtOAc/hexanes to afford 56 mg (44%) of the product as a white, foamy solid in 88% ee 
as determined by CSP-SFC analysis (tr-major 6.9 min, tr-minor 11.1 min); [α]D25 -204.8 (c = 1.0, 
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CH2Cl2); CSP-SFC chromatogram for 90% ee sample is shown below.  Analytical data is 
identical to entry 3. 
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    4-(4-Methoxyphenyl)-N,N-dimethyl-4-oxo-3-phenylbutyramide (12a, Table 2-3, entry 
5).  The title compound was prepared according to General Procedure A using 100 mg of 
acyl silane, 105 mg of amide, 49 mg of phosphite, and 13 mg of LiN(SiMe3)2.  The reaction 
stirred for 0.75 h after addition of the acyl silane.  Following TBAF deprotection, as outlined 
in General Procedure B, and aqueous workup, the product was purified by flash 
chromatography with 40% EtOAc/hexanes to afford 106 mg (85%) of the product as white 
solid in 90% ee as determined by CSP-SFC analysis (tr-major 9.9 min, tr-minor 18.3 min); CSP-
SFC chromatograms for both racemic and 90% ee samples are shown below.  Analytical data 
for the title compound: IR (thin film, cm-1) 3055, 2937, 2843, 1672, 1645, 1601, 1510, 1417, 
1265, 1169, 1030, 737, 702; 1H NMR (400 MHz, CDCl3) δ 8.07-7.96 (m, 2H), 7.38-7.16 (m, 
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5H), 6.90-6.81 (m, 2H), 5.20 (dd, J = 10.4, 4.0 Hz, 1H), 3.80 (s, 3H), 3.48 (dd, J = 16.0, 10.0 
Hz, 1H), 3.01 (s, 3H), 2.91 (s, 3H), 2.60 (dd, J = 16.0, 4.0 Hz, 1H); 13C NMR (100 MHz, 
CDCl3) δ 197.8, 171.1, 163.1, 139.2, 131.1, 129.4, 128.9, 128.0, 127.0, 113.5, 55.2, 49.1, 
38.3, 36.9, 35.3 (four sets of coincident aromatic resonances); TLC (40% EtOAc/hexanes) Rf 
0.06; mp 100-101 °C; Anal. Calcd for C19H21NO3:  C, 73.29; H, 6.80; N, 4.50.  Found:  C, 
73.15; H, 6.92; N, 4.51. 
 
    Synthesis of 10.  To a dry 250 mL round-bottom flask equipped with magnetic stir bar 
was added 5.9 g (26.1 mmol) of 2-(4-methoxyphenyl)-[1,3]dithiane under Ar.  THF (125 
mL) was added via syringe.  The reaction mixture was cooled to -78 °C and 19.6 mL (31.3 
mmol) of a 1.6M n-butyllithium solution in hexanes was added via syringe and the resulting 
yellow solution was stirred for 30 min.  Chlorocyclohexyldimethylsilane (5.07 g, 28.7 mmol) 
was added via syringe at -78 °C for 2 h.  Pale orange solution was allowed to warm to rt and 
was quenched with a saturated aqueous solution of ammonium chloride.  The product was 
extracted with three 50 mL portions of Et2O, dried (MgSO4), and filtered through a short 
plug of silica gel eluting with 10% EtOAc/hexane.  The filtered solution was concentrated to 
a pale yellow oil on a rotary evaporator and transferred to a 500 mL round-bottomed flask.  
To the flask was added 150 mL of a 9:1 solution of methanol and water, mercury (II) oxide 
(12.3 g, 2.2 equiv) and mercury (II) chloride (15.5 g, 2.2 equiv).  The flask was equipped 
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with a reflux condenser and the reaction mixture was heated to reflux with stirring for 3 h.  
The reaction mixture was allowed to cool to rt and was filtered through a pad of Celite, 
rinsing with hexane.  The acyl silane was extracted with three 50 mL portions hexane, dried 
(MgSO4), and concentrated. The resulting oil was purified by flash chromatography, eluting 
with 20:1 hexane:EtOAc, yielding 6.14 g (85%) of the product as a yellow oil.  Analytical 
data for title compound: IR (thin film, cm-1) 3054, 2922, 2848, 2253, 1611, 1583, 1565, 
1507, 1447, 1306, 1266, 1220, 1165, 1032, 910, 843, 743; 1H NMR (400 MHz, CDCl3) δ 
7.83-7.80 (m, 2H), 6.95-6.92 (m, 2H), 3.85 (s, 3H), 1.67-1.55 (m, 5H), 1.22-0.99 (m, 6H), 
0.299 (s, 6H) ; 13C NMR (75 MHz, CDCl3) δ 232.8, 163.1, 135.9, 129.7, 113.7, 55.3, 27.8, 
27.3, 26.6, 25.3, -4.6; TLC (5% EtOAc in hexanes) Rf 0.18; For the 1H NMR spectrum, see 
the Appendix. 
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    4-(4-Methoxyphenyl)-N,N-dimethyl-4-oxo-3-phenylbutyramide (12a, Table 2-3, entry 
6).  The title compound was prepared according to General Procedure A using 100 mg of 
acyl silane, 95.1 mg of amide, 44.0 mg of phosphite, and 12.1 mg of LiN(SiMe3)2.  The 
reaction stirred for 0.25 h after addition of the acyl silane.  Following TBAF deprotection, as 
outlined in General Procedure B, and aqueous workup, the product was purified by flash 
chromatography with 40% EtOAc/hexanes to afford 87.6 mg (78%) of the product as a 
white, foamy solid in 87% ee as determined by CSP-SFC analysis (tr-major 9.8 min, tr-minor 18.4 
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min); CSP-SFC chromatogram for 87% ee sample is shown below.  Analytical data is 
identical to that in entry 5. 
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    4-(4-Methoxyphenyl)-N,N-dimethyl-4-oxo-3-phenylbutyramide (12a, Table 2-3, entry 
7).  The title compound was prepared according to General Procedure A using 100 mg of 
acyl silane, 95.1 mg of amide, 37.1 mg of phosphite, and 12.1 mg of LiN(SiMe3)2.  The 
reaction stirred for 1 h after addition of the acyl silane.  Following TBAF deprotection, as 
outlined in General Procedure B, and aqueous workup, the product was purified by flash 
chromatography with 40% EtOAc/hexanes to afford 60.3 mg (54%) of the product as a 
white, foamy solid in 81% ee as determined by CSP-SFC analysis (tr-major 21.4 min, tr-minor 
11.8 min); CSP-SFC chromatogram for 81% ee sample is shown below.  Analytical data is 
identical to that in entry 5. 
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    4-(4-Methoxyphenyl)-N,N-dimethyl-4-oxo-3-phenylbutyramide (12a, Table 2-3, entry 
8).  The title compound was prepared according to General Procedure A using 100 mg of 
acyl silane, 95.1 mg of amide, 44.0 mg of phosphite, and 12.1 mg of LiN(SiMe3)2.  The 
reaction stirred for 0.25 h after addition of the acyl silane.  Following HF⋅pyridine 
deprotection (according to General Procedure C) and aqueous workup, the product was 
purified by flash chromatography with 40% EtOAc/hexanes to afford 87.6 mg (78%) of the 
product as a white, foamy solid in 89% ee as determined by CSP-SFC analysis (tr-major 9.8 
min, tr-minor 18.4 min); CSP-SFC chromatogram for 89% ee sample is shown below.  
Analytical data is identical to that in entry 5. 
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    4-(4-Methoxyphenyl)-N,N-dimethyl-4-oxo-3-phenylbutyramide (12a, Table 2-3, entry 
9).  The title compound was prepared according to General Procedure A using 99.3 mg of 
acyl silane, 94.7 mg of amide, 44.0 mg of phosphite, and 12.1 mg of LiN(SiMe3)2.  The 
reaction stirred for 1.0 h after addition of the acyl silane.  Following HF⋅pyridine 
deprotection (according to General Procedure C) and aqueous workup, the product was 
purified by flash chromatography with 40% EtOAc/hexanes to afford 92.1 mg (82%) of the 
product as a white, foamy solid in 88% ee as determined by CSP-SFC analysis (tr-major 9.8 
min, tr-minor 18.4 min); CSP-SFC chromatogram for 88% ee sample is shown below.  
Analytical data is identical to that in entry 5. 
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    Scope Studies 
    General procedure (D) for the reaction of acyl silanes with β-aryl substituted 
unsaturated amides to afford the corresponding silylated product.  In the glovebox, a dry 
pear-shaped flask was charged with acyl silane (0.72 mmol), while a separate dry round-
bottomed flask with magnetic stir bar was charged with the TADDOL-phosphite (0.22 mmol, 
0.3 equiv), LiN(SiMe3)2 (0.22 mmol, 0.3 equiv), and the amide (1.1 mmol, 1.5 equiv).  The 
flasks were removed from the glovebox, Et2O (20 mL) was added to the metallophosphite 
mixture, and the resulting solution was stirred under N2.  The acyl silane in 8 mL of Et2O was 
added very slowly (1 drop/ 2 sec) to the metallophosphite via cannula and the delivery flask 
was rinsed using 2 mL of Et2O.  The resulting mixture was stirred under N2 at room 
temperature for 5-30 min.  The solvent was removed in vacuo and the silylated intermediate 
was passed through a silica gel plug using the indicated eluent.  An aliquot was taken and 
concentrated in a separate round-bottomed flask to determine the initial enantioselectivity of 
the reaction.  The remaining silylated product was concentrated and recrystallized from the 
indicated solvent. 
    General procedure (E) for the reaction of acyl silanes with β-alkyl substituted 
unsaturated amides to afford the corresponding silylated product.  In the glovebox, a dry 
pear-shaped flask was charged with acyl silane (0.72 mmol) and amide (0.80 mmol, 1.1 
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equiv), while a separate a dry round-bottomed flask with magnetic stir bar was charged with 
the TADDOL-phosphite (0.23 mmol, 0.3 equiv) and LiN(SiMe3)2 (0.23 mmol, 0.3 equiv).  
The flasks were removed from the glovebox and 20 mL of Et2O were added to the 
metallophosphite.  The acyl silane/amide mixture in 8 mL of Et2O was added to the stirring 
metallophosphite solution via cannula and the delivery flask was rinsed using 2 mL of Et2O.  
The resulting mixture was stirred under N2 at room temperature for 5-120 min.  The solvent 
was removed in vacuo and the two diastereomers of the silylated products were separated by 
flash chromatography using 10% EtOAc/hexanes.  An aliquot was taken of the major 
diastereomer to determine the initial enantioselectivity of the reaction and the remaining 
major diastereomer was recrystallized from hot hexanes and allowed to cool to room 
temperature for several hours.  The crystals were filtered and washed with cold hexanes.   
    General procedure (F) for HF⋅pyridine desilylation of the α-silyl-γ-ketoamide aliquot 
to afford the desired 1,4-dicarbonyl compound.  The aliquot was dissolved and transferred 
in 1.3 mL of CH3CN to a plastic vial with stir bar to which 0.26 mL of an HF⋅pyridine 
deprotection solution were added.  After the starting material was consumed (TLC analysis), 
the reaction was quenched with several milliliters of a saturated aqueous solution of Na2CO3.  
The mixture was partitioned between water and CH2Cl2; the organic layer was separated and 
concentrated.  The residue was then passed through a silica gel plug using 1:1 
EtOAc/hexanes, the eluent was concentrated, and the enantioselectivity was determined by 
CSP-SFC analysis ((S,S)-Whelk-O1) under conditions described in General Procedure B. 
    The recrystallized product was deprotected according to General Procedure C.  If 
recrystallization of the silylated intermediate was unsuccessful, desilylation of the material 
with HF in pyridine was performed as described above; the resulting 1,4-dicarbonyl 
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compound was recrystallized from the indicated solvent and the enantioselectivity was then 
determined. 
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    2-(Cyclohexyldimethylsilanyl)-4-(4-methoxyphenyl)-N,N-dimethyl-4-oxo-3-
phenylbutyramide (11, Table 2-4, entry 1).  The title compound was prepared according to 
General Procedure B using 200 mg of acyl silane, 190 mg of amide, 132 mg of phosphite, 
and 36.3 mg of LiN(SiMe3)2.  The reaction stirred for 5 min after addition of the acyl silane.  
Eluting the product through a silica gel plug using 40% EtOAc/hexanes afforded a white 
solid that was recrystallized from hot hexanes.  Analytical data for title compound: IR (thin 
film, cm-1) 3056, 2926, 2848, 2306, 1670, 1600, 1576, 1512, 1420, 1265, 1169, 1029, 892; 
1H NMR (400 MHz, CDCl3) δ 8.08-7.92 (m, 2H), 7.44-7.30 (m, 2H), 7.24-7.15 (m, 2H),  
7.14-7.07 (m, 1H),  6.93-6.80 (m, 2H), 5.21 (d, J = 11.2, 1H), 3.81 (s, 3H), 3.50 (d, J = 11.6, 
1H), 2.77 (s, 3H), 2.64 (s, 3H), 1.93-1.59 (m, 5H),  1.35-0.98 (m, 5H), 0.82-0.70 (m, 1H), -
0.05 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 197.7, 173.7, 163.4, 139.8, 131.0, 129.5, 128.5, 
128.3, 126.8, 113.8, 55.4, 53.2, 37.9, 36.4, 35.1, 28.1, 28.0, 27.8, 27.6, 27.0, 25.0, -4.9, -5.3 
(four sets of coincident aromatic resonances); TLC (40% EtOAc/hexanes) Rf 0.41; mp 100 
°C; Anal. Calcd for C27H37NO3Si:  C, 71.80; H, 8.26; N, 3.10.  Found:  C, 71.73; H, 8.26; N, 
3.11. 
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    4-(4-Methoxyphenyl)-N,N-dimethyl-4-oxo-3-phenylbutyramide (12a, Table 2-4, entry 
1).  The title compound was prepared according to General Procedure D from 11.  
Desilylation of the aliquot yielded the desired product in 89% ee.  The recrystallized material 
was desilylated and purified by flash chromatography with 1:1 EtOAc/hexanes to afford 152 
mg (67%) of the product as white solid in 99% ee as determined by CSP-SFC analysis (tr-major 
9.9 min, tr-minor 18.3 min); [α]D25 -223 (c = 1.3, CH2Cl2); CSP-SFC chromatograms for both 
the aliquot and 99% ee samples are shown below.  Analytical data is identical to that in Table 
1, entry 5. 
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    2-(Cyclohexyldimethylsilanyl)-3,4-bis-(4-methoxyphenyl)-N,N-dimethyl-4-oxo-
butyramide (12b-CDMS, Table 2-4, entry 2).  The title compound was prepared according 
to General Procedure B using 200 mg of acyl silane, 222 mg of amide, 134 mg of phosphite, 
and 37 mg of LiN(SiMe3)2.  The reaction stirred for 30 min after addition of the acyl silane.  
Eluting the product through a silica gel plug using 40% EtOAc/hexanes afforded a colorless 
oil.  Analytical data for title compound: IR (thin film, cm-1) 3055, 2920, 2846, 1667, 1600, 
1507, 1464, 1446, 1391, 1256, 1169, 1112, 1033, 888, 831, 788, 734; 1H NMR (400 MHz, 
CDCl3) δ 7.97-7.95 (m, 2H), 7.25-7.22 (m, 2H), 6.85-6.83 (m, 2H),  6.71-6.69 (m, 2H),  5.14 
(d, J = 11.2 Hz, 1H), 3.79 (s, 3H), 3.69 (s, 3H), 3.44 (d, J = 11.2 Hz, 1H), 2.77 (s, 3H), 2.65 
(s, 3H), 1.86-1.56 (m, 6H),  1.26-0.98 (m, 4H), 0.73 (tt, J = 12.6, 3.0 Hz, 1H), -0.07 (s, 6H); 
13C NMR (100 MHz, CDCl3) δ 197.8, 173.8, 163.3, 158.4, 131.8, 131.0, 129.5, 129.4, 113.8, 
55.4, 55.1, 52.3, 37.9, 36.2, 35.1, 28.1, 28.0, 27.7, 27.6, 27.0, 24.9, -4.9, -5.3 (four sets of 
coincident aromatic resonances); TLC (40% EtOAc/hexanes) Rf 0.18.  For the 1H NMR 
spectrum, see the Appendix. 
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    4-(4-Methoxyphenyl)-N,N-dimethyl-4-oxo-3-phenylbutyramide (12b, Table 2-2, entry 
2).  The title compound was prepared according to General Procedure D from 12b-CDMS. 
Neither the silylated product (12b-CDMS) nor the desired product (12b) yielded crystals 
upon attempted recrystallization.  The final product (12b) was purified by flash 
chromatography with (1:1) EtOAc/hexanes to afford 148 mg (60%) of the dicarbonyl 
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compound as a pale yellow waxy solid in 92% ee as determined by CSP-SFC analysis (tr-major 
13.2 min, tr-minor 24.3 min); [α]D25 -170.5 (c = 1.0, CH2Cl2); CSP-SFC chromatograms for 
both the racemate and 92% ee samples are shown below.  Analytical data for title compound: 
IR (thin film, cm-1) 3006, 2934, 2839, 1674, 1652, 1602, 1511, 1464, 1399, 1254, 1167, 
1031, 953, 834, 779; 1H NMR (400 MHz, CDCl3) δ 7.97-7.93 (m, 2H), 7.24-7.17 (m, 2H), 
6.81-6.74 (m, 4H), 5.11 (dd, J = 10.0, 4.0 Hz, 1H), 3.72 (s, 3H), 3.67 (s, 3H), 3.39 (dd, J = 
16.4, 10.4 Hz, 1H), 2.94 (s, 3H), 2.84 (s, 3H), 2.54 (dd, J = 16.0, 4.0 Hz, 1H); 13C NMR (100 
MHz, CDCl3) δ 197.9, 171.0, 163.0, 158.6, 131.02, 130.99, 129.4, 129.0, 114.3, 113.4, 55.2, 
55.0, 48.2, 38.2, 36.9, 35.2 (four sets of coincident aromatic resonances); TLC (40% 
EtOAc/hexanes) Rf 0.08.  For the 1H NMR spectrum, see the Appendix. 
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    2-(Cyclohexyldimethylsilanyl)-4-(4-methoxyphenyl)-N,N-dimethyl-4-oxo-3-p-tolyl-
butyramide (12c-CDMS, Table 2-4, entry 3).  The title compound was prepared according 
to General Procedure B using 201 mg of acyl silane, 205 mg of amide, 132 mg of phosphite, 
and 36.3 mg of LiN(SiMe3)2.  The reaction stirred for 5 min after addition of the acyl silane.  
Eluting the product through a silica gel plug using 40% EtOAc/hexanes afforded a white 
solid.  Analytical data for title compound: IR (thin film, cm-1) 2924, 2846, 1669, 1601, 1511, 
1391, 1339, 1260, 1169, 1113, 1030, 889, 832; 1H NMR (400 MHz, CDCl3) δ 7.98-7.95 (m, 
2H), 7.21-7.19 (m, 2H), 6.97-6.94 (m, 2H),  6.83-6.80 (m, 2H),  5.16 (d, J = 11.2 Hz, 1H), 
3.76 (s, 3H), 3.47 (d, J = 11.2 Hz, 1H), 2.76 (s, 3H), 2.64 (s, 3H), 2.18 (s, 3H), 1.86-1.60 (m, 
5H),  1.25-1.01 (m, 5H), 0.75-0.71 (m,1H), -0.08 (s, 6H);  ; 13C NMR (100 MHz, CDCl3) δ  
197.7, 173.8 163.2, 136.6, 136.2, 130.9, 129.3, 129.0, 128.2, 113.7, 55.3, 52.7, 37.9, 36.1, 
35.1, 28.1, 28.0, 27.7, 27.6, 26.9, 24.9, 20.9, -4.9, -5.3 (four sets of coincident aromatic 
resonances); TLC (40% EtOAc/hexanes) Rf 0.26.  For the 1H NMR spectrum, see the 
Appendix. 
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(3R)-12c(2S, 3S)-12c-CDMS
 
    4-(4-Methoxyphenyl)-N,N-dimethyl-4-oxo-3-p-tolyl-butyramide (12c, Table 2-4, entry 
3).  The title compound was prepared according to General Procedure D from 12c-CDMS.  
Desilylation of the aliquot yielded the desired product in 89% ee.  Neither the 12c-CDMS 
nor 12c yielded crystals upon several attempts at recrystallization.   The desired product 
(12c) was purified by flash chromatography with (1:1) EtOAc/hexanes to afford 187 mg 
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(79%) of the product as white, tacky, foam in 89% ee as determined by CSP-SFC analysis (tr-
major 10.6 min, tr-minor 19.6 min); [α]D25 -178 (c = 1.1, CH2Cl2); CSP-SFC chromatograms for 
both the racemate and 89% ee samples are shown below.  Analytical data for title compound: 
IR (thin film, cm-1) 3459, 3052, 2937, 2841, 1673, 1639, 1599, 1511, 1464, 1417, 1247, 
1168, 1146, 1031, 954, 843, 825; 1H NMR (400 MHz, CDCl3) δ 8.03-7.97 (m, 2H), 7.23-
7.18 (m, 2H), 7.12-7.06 (m, 2H), 6.96-6.82 (m, 2H), 5.16 (dd, J = 10.4, 4.0 Hz, 1H), 3.80 (s, 
3H), 3.46 (dd, J = 16.4, 10.4 Hz, 1H), 3.01 (s, 3H), 2.90 (s, 3H), 2.57 (dd, J = 16.0, 4.0 Hz, 
1H) 2.27 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 197.7, 170.9, 162.9, 136.5, 135.9, 130.9, 
129.4, 129.2, 127.7, 113.3, 55.0, 48.5, 38.1, 36.7, 35.1, 20.7 (one set of coincident aromatic 
resonances); TLC (40% EtOAc/hexanes) Rf 0.10.  For the 1H NMR spectrum, see the 
Appendix. 
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    2-(Cyclohexyldimethylsilanyl)-4-(4-methoxyphenyl)-N,N-dimethyl-4-oxo-3-m-tolyl-
butyramide (12d-CDMS, Table 2-4, entry 4).  The title compound was prepared according 
to General Procedure B using 200 mg of acyl silane, 204 mg of amide, 134 mg of phosphite, 
and 37 mg of LiN(SiMe3)2.  The reaction stirred for 5 min after addition of the acyl silane.  
Eluting the product through a silica gel plug using 40% EtOAc/hexanes afforded a white 
solid which was recrystallized from hot hexanes.  Analytical data for title compound: IR 
(thin film, cm-1) 3054, 2925, 2849, 1671, 1624, 1601, 1511, 1447, 1420, 1395, 1268, 1171, 
1115, 1031, 889, 850; 1H NMR (400 MHz, CDCl3) δ 8.06-7.93 (m, 2H), 7.21-7.11 (m, 2H), 
7.10-7.03 (m, 1H),  6.93-6.80 (m, 3H), 5.17 (d, J = 11.2, 1H), 3.79 (s, 3H), 3.48 (d, J = 11.2, 
1H), 2.76 (s, 3H), 2.64 (s, 3H), 2.24 (s, 3H), 1.93-1.59 (m, 5H),  1.35-0.98 (m, 5H), 0.82-0.68 
(m, 1H), -0.06 (s, 6H); 13C NMR (100 MHz, CDCl3) δ 197.7, 173.7, 163.3, 139.5, 137.8, 
130.9, 129.4, 128.9, 128.1, 127.6, 125.6, 113.7, 55.3, 53.0, 37.8, 36.2, 35.0, 28.1, 28.0, 27.7, 
27.5, 26.9, 24.9, 21.3, -4.9, -5.3 (two sets of coincident aromatic resonances); TLC (40% 
EtOAc/hexanes) Rf 0.41; mp 101-103°C; Anal. Calcd for C28H39NO3Si:  C, 72.21; H, 8.44; 
N, 3.01.  Found:  C, 72.15; H, 8.46; N, 2.93. 
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CH3CN, r.t
(3R)-12d(2R, 3R)-12d-CDMS  
    4-(4-Methoxyphenyl)-N,N-dimethyl-4-oxo-3-m-tolyl-butyramide (12d, Table 2-4, 
entry 4).  The title compound was prepared according to General Procedure D from 12d-
CDMS.  Desilylation of the aliquot yielded the desired product in 93% ee.  The recrystallized 
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material was desilylated and purified by flash chromatography with (1:1) EtOAc/hexanes to 
afford 138 mg (59%) of the product as white solid in 99% ee as determined by CSP-SFC 
analysis (tr-major 9.5 min, tr-minor 18.9 min); [α]D25 -209 (c = 1.3, CH2Cl2); CSP-SFC 
chromatograms for the racemate, aliquot, and 99% ee samples are shown below.  Analytical 
data for title compound: IR (thin film, cm-1) 3055, 2985, 2927, 2856, 2306, 1674, 1643, 
1601, 1510, 1421, 1265, 1173, 1032, 897, 739, 706; 1H NMR (400 MHz, CDCl3) δ 8.04-7.98 
(m, 2H), 7.20-7.10 (m, 3H), 7.04-6.99 (m, 1H), 6.88-6.82 (m, 2H), 5.15 (dd, J = 10.8, 4.0 Hz, 
1H), 3.81 (s, 3H), 3.47 (dd, J = 16.8, 10.0 Hz, 1H), 3.01 (s, 3H), 2.91 (s, 3H), 2.58 (dd, J = 
16.4, 3.6 Hz, 1H), 2.29 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 197.7, 171.0, 163.0, 138.8, 
138.4, 130.9, 129.2, 128.6, 128.4, 127.7, 125.0, 113.3, 55.1, 50.1, 48.9, 38.2, 36.8, 35.1, 21.1 
(one set of coincident aromatic resonances); TLC (40% EtOAc/hexanes) Rf 0.07; mp 107 °C; 
Anal. Calcd for C20H23NO3:  C, 73.82; H, 7.12; N, 4.30.  Found:  C, 73.55; H, 7.33; N, 4.28. 
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    3-Furan-2-yl-4-(4-methoxyphenyl)-N,N-dimethyl-4-oxo-butyramide 12e, Table 2-4, 
entry 5).  The title compound was prepared according to General Procedure B using 200 mg 
of acyl silane, 179 mg of amide, 132 mg of phosphite, and 36.3 mg of LiN(SiMe3)2.  The 
reaction stirred for 1 h after addition of the acyl silane.  Eluting the product through a silica 
gel plug using 40% EtOAc/hexanes afforded the desired α-silyl-γ-ketoamide.  Because of the 
low yield of the desired product, no attempts were made in recrystallization of the silylated 
compound.  The α-silyl-γ-ketoamide was desilylated and purified by flash chromatography 
with (1:1) EtOAc/hexanes to afford 29.1 mg (13%) of the product as an orange oil in 18% ee 
as determined by CSP-SFC analysis (tr-major 8.54 min, tr-minor 20.0 min); [α]D25 -6 (c = 0.5, 
CH2Cl2); CSP-SFC chromatograms for the racemate, and 18% ee samples are shown below.  
Analytical data for title compound: IR (thin film, cm-1) 2930, 2854, 1717, 1680, 1646, 1599, 
1512, 1462, 1418, 1305, 1257, 1173, 1026; 1H NMR (400 MHz, CDCl3) δ 8.04 (d, J = 8.5 
Hz, 2H), 7.29 (d, J = 1.0 Hz, 1H), 6.89 (d, J = 9.0 Hz, 2H),  6.24 (dd, J = 3.0 Hz, 2.0 Hz, 
1H), 6.09 (d, J = 3.5 Hz, 1H) 5.17 (dd, J = 10.5 Hz, 4.0 Hz, 1H), 3.82 (s, 3H), 3.48 (dd, J = 
16.0 Hz, 10.0 Hz, 1H), 3.04 (s, 3H), 2.89 (s, 3H), 2.73 (dd, J = 16.5 Hz, 4.0 Hz); 13C NMR 
(100 MHz, CDCl3) δ 195.3, 170.6, 163.4, 152.1, 142.0, 131.1, 129.2, 113.6, 110.6, 107.0, 
55.4, 42.4, 37.0, 35.4, 35.1 (two sets of coincident aromatic resonances); TLC (40% 
EtOAc/hexanes) Rf 0.06; For the 1H NMR spectrum, see the Appendix. 
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    3-(4-Chlorophenyl)-2-(cyclohexyldimethylsilanyl)-4-(4-methoxy-phenyl)-N,N-
dimethyl-4-oxo-butyramide (12f-CDMS, Table 2-4, entry 6).  The title compound was 
prepared according to General Procedure B using 200 mg of acyl silane, 226 mg of amide, 
134 mg of phosphite, and 37 mg of LiN(SiMe3)2.  The reaction stirred for 40 min after 
addition of the acyl silane.  Eluting the product through a silica gel plug using 40% 
EtOAc/hexanes afforded a white solid which was recrystallized from hot hexanes.  
Analytical data for title compound: IR (thin film, cm-1) 2923, 2846, 1669, 1623, 1600, 1511, 
1487, 1391, 1261, 1168, 1110, 1032, 890, 831; 1H NMR (400 MHz, CDCl3) δ 7.95-7.92 (m, 
2H), 7.28-7.25 (m, 2H), 7.15-7.14 (m, 2H), 6.86-6.83 (m, 2H), 5.18 (d, J = 11.2 Hz, 1H), 
3.79 (s, 3H), 3.44 (d, J = 11.2 Hz, 1H), 2.79 (s, 3H), 2.65 (s, 3H), 1.85-1.59 (m, 5H), 1.27-
0.98 (m, 5H), 0.71 (tt, J = 12.6, 3.0 Hz, 1H), -0.07 (s, 6H); 13C NMR (100 MHz, CDCl3) δ  
197..4, 173.5, 163.5, 138.4, 132.7, 130.9, 129.8, 129.1, 128.5, 113.9, 55.4, 52.4, 37.9, 36.3, 
35.1, 28.1, 28.0, 27.7, 26.9, 24.9, -4.9, -5.3 (four sets of coincident aromatic resonances); 
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TLC (40% EtOAc/hexanes) Rf 0.21; mp 130-131.5 °C.  For the 1H NMR spectrum, see the 
Appendix. 
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(3R)-12f(2R, 3R)-12f-CDMS  
    3-(4-Chlor-phenyl)-4-(4-methoxyphenyl)-N,N-dimethyl-4-oxo-butyramide (12f, Table 
2-4, entry 6).  The title compound was prepared according to General Procedure D from 12f-
CDMS.  Desilylation of the aliquot yielded the desired product in 95% ee.  The recrystallized 
material was desilylated and purified by flash chromatography with (1:1) EtOAc/hexanes to 
afford 163 mg (64%) of the product as white solid in 98% ee as determined by CSP-SFC 
analysis (tr-major 10.7 min, tr-minor 22.3 min); [α]D25 -165.2 (c = 1.1, CH2Cl2); CSP-SFC 
chromatograms for both the racemate, aliquot, and 98% ee samples are shown below.  
Analytical data for title compound: : IR (thin film, cm-1) 3056, 3006, 2935, 2841, 1670, 
1646, 1601, 1511, 1490, 1416, 1358, 1250, 1169, 1092, 1030, 954, 834, 769; 1H NMR (400 
MHz, CDCl3) δ 7.96-7.94 (m, 2H), 7.25-7.20 (m, 4H), 6.84-6.81 (m, 2H), 5.16 (dd, J = 10.0, 
4.4 Hz, 1H), 3.77 (s, 3H), 3.41 (dd, J = 16.0, 10.0 Hz, 1H), 2.98 (s, 3H), 2.87 (s, 3H), 2.56 
(dd, J = 16.0, 4.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 197.5, 170.7, 163.3, 137.7, 133.0, 
131.1, 129.5, 129.2, 129.1, 113.5, 55.3, 48.4, 38.2, 37.0, 35.4 (four sets of coincident 
aromatic resonances); TLC (40% EtOAc/hexanes) Rf 0.11; mp 100-102°C.  For the 1H NMR, 
see the Appendix. 
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    2-(Cyclohexyldimethylsilanyl)-4-(4-methoxyphenyl)-N,N-dimethyl-4-oxo-3-[1-
(toluene-4-sulfonyl)-1H-indol-3-yl]-butyramide (12g-CDMS, Table 2-4, entry 7).  The 
title compound was prepared according to General Procedure B using 200 mg of acyl silane, 
360 mg of amide, 134 mg of phosphite, and 37 mg of LiN(SiMe3)2.  The reaction stirred for 5 
min after addition of the acyl silane.  Eluting the product through a silica gel plug using 40% 
EtOAc/hexanes afforded a white solid which was recrystallized from hot hexanes.  
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Analytical data for title compound: IR (thin film, cm-1) 3056, 2925, 2849, 1672, 1597, 1576, 
1510, 1373, 1269, 1269, 1177, 1120, 1095, 1031, 990, 890, 852, 813, 732; 1H NMR (400 
MHz, CDCl3) δ 8.00-7.80 (m, 4H), 7.56 (d, J = 4.0 Hz, 2H), 7.49 (s, 1H), 7.29-7.18 (m, 2H), 
7.05 (d, J = 8.0 Hz, 2H), 6.89-6.78 (m, 2H), 5.41 (d, J = 11.2, 1H), 3.81 (s, 3H), 3.57 (d, J = 
11.2, 1H), 2.59 (s, 3H), 2.43 (s, 3H), 2.26 (s, 3H), 1.94-1.60 (m, 5H),  1.36-1.00 (m, 5H), 
0.85-0.68 (m, 1H), 0.03--0.07 (m, 6H); 13C NMR (100 MHz, CDCl3) δ 196.6, 173.6, 163.4, 
144.5, 135.3, 134.1, 130.8, 129.6, 129.3, 129.0, 126.6, 125.5, 124.5, 123.3, 121.4, 121.0, 
113.8, 113.5, 55.4, 44.9, 37.9, 35.0, 34.7, 28.1, 28.0, 27.8, 27.6, 26.9, 24.9, 21.4, -5.0, -5.3 
(four sets of coincident aromatic resonances); TLC (40% EtOAc/hexanes) Rf 0.41; mp 
110°C; Anal. Calcd for C36H44N2O5SSi:  C, 67.05; H, 6.88; N, 4.34.  Found:  C, 66.84; H, 
6.84; N, 4.28. 
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    4-(4-Methoxyphenyl)-N,N-dimethyl-4-oxo-3-m-tolyl-butyramide (12g, Table 2-4, 
entry 7).  The title compound was prepared according to General Procedure D from 12g-
CDMS.  Desilylation of the aliquot yielded the desired product in 97% ee.  The recrystallized 
material was desilylated and purified by flash chromatography with (1:1) EtOAc/hexanes 
demonstrating no enrichment in enantioselectivity to afford 217 mg (60%) of the product as 
white solid in 97% ee as determined by CSP-SFC analysis (tr-major 9.5 min, tr-minor 18.9 min); 
[α]D25 -145 (c = 1.3, CH2Cl2); CSP-SFC chromatograms for the racemate and 97% ee 
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samples are shown below.  Analytical data for title compound: IR (thin film, cm-1) 3055, 
2935, 2841, 1676, 1645, 1599, 1510, 1448, 1417, 1371, 1265, 1173, 1120, 1095, 1030, 970, 
812, 737, 704, 667; 1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 8.4 Hz, 3H), 7.67 (d, J = 7.2 
Hz, 1 H), 7.56 (d, J = 8.0 Hz, 2H), 7.36-7.20 (m, 4H), 7.07 (d, J = 8.4 Hz, 2H), 6.81 (d, J = 
9.2 Hz, 2H), 5.37 (dd, J = 10.4, 4.0 Hz, 1H), 3.82 (s, 3H), 3.47 (dd, J = 16.4, 10.4 Hz, 1H), 
2.97 (s, 3H), 2.90 (s, 3H), 2.65 (dd, J = 16.8, 4.4 Hz, 1H), 2.30 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 196.8, 170.5, 163.0, 144.5, 135.1, 134.5, 130.7, 129.4, 129.2, 128.8, 126.3, 124.8, 
124.4, 123.3, 120.7, 119.4, 113.6, 113.3, 55.1, 39.7, 36.7, 36.1, 35.1, 21.1 (four sets of 
coincident aromatic resonances); TLC (40% EtOAc/hexanes) Rf 0.06; mp 85-87 °C; Anal. 
Calcd for C28H28N2O5S:  C, 66.65; H, 5.59; N, 5.55.  Found:  C, 66.41; H, 5.93; N, 5.23. 
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    2-(Cyclohexyldimethylsilanyl)-4-(4-methoxyphenyl)-N,N-dimethyl-4-oxo-3-(4-
trifluoromethylphenyl)-butyramide (12h-CDMS, Table 2-4, entry 8).  In the glovebox, 
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200 mg (0.72 mmol) of acyl silane and 193 mg (0.80 mmol, 1.1 equiv) of amide were added 
to a dry pear-shaped flask, while 134 mg (0.23 mmol, 0.3 equiv) of the TADDOL-phosphite 
and 37 mg (0.23 mmol, 0.3 equiv) of lithium hexamethyldisilazide (LiN(SiMe3)2) were 
added to a dry round-bottom flask with magnetic stir bar.  The flasks were removed from the 
glovebox and 20 mL of Et2O were added to the metallophosphite.  The acyl silane/amide 
mixture was added to the stirring metallophosphite solution via cannula and the delivery 
flask was rinsed using 10 mL of Et2O.  The resulting mixture was stirred under N2 at room 
temperature for 90 min.  Eluting the product through a silica gel plug using 40% 
EtOAc/hexanes afforded a pale yellow oil.  Analytical data for title compound: IR (thin film, 
cm-1) 2922, 2847, 1670, 1622, 1601, 1511, 1419, 1393, 1325, 1262, 1168, 1124, 1068, 1019, 
833; 1H NMR (400 MHz, CDCl3) δ 7.98-7.95 (m, 2H), 7.48-7.41 (m, 4H), 6.88-6.85 (m, 
2H), 5.28 (d, J = 11.2 Hz, 1H), 3.80 (s, 3H), 3.50 (d, J = 11.2 Hz, 1H), 2.80 (s, 3H), 2.64 (s, 
3H), 1.87-1.59 (m, 5H), 1.25-1.01 (m, 5H), 0.71 (tt, J = 12.6, 3.0 Hz, 1H), -0.05 (s, 3H), -
0.06 (s, 3H);  13C NMR (100 MHz, CDCl3) δ 197.1, 173.3, 163.7, 144.0, 131.0, 129.0, 128.8, 
125.31, 125.27, 114.0, 55.4, 52.7, 37.9, 36.4, 35.1, 28.1, 28.0, 27.7, 27.6, 26.9, 24.9, -4.9, -
5.3; TLC (40% EtOAc/hexanes) Rf  0.51.  For the 1H NMR spectrum, see the Appendix. 
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CH3CN, r.t
(3R)-12h(2R, 3R)-12h-CDMS  
    4-(4-Methoxyphenyl)-N,N-dimethyl-4-oxo-3-(4-trifluoromethylphenyl)-butyramide 
(12h, Table 2-4, entry 8).  The title compound was prepared according to General Procedure 
D from 12h-CDMS.  Desilylation of the aliquot yielded the desired product in 92% ee.  
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Neither the silylated product (12h-CDMS) nor the desired product (12h) yielded crystals 
upon attempted recrystallization.  The final product (12h) was purified by flash 
chromatography with (1:1) EtOAc/hexanes to afford 201 mg (73%) of the dicarbonyl 
compound as white waxy solid in 93% ee as determined by CSP-SFC analysis (tr-major 6.3 
min, tr-minor 14.8 min); [α]D25 -138.6 (c = 1.2, CH2Cl2); CSP-SFC chromatograms for both the 
racemate and 93% ee samples are shown below.  Analytical data for title compound: IR (thin 
film, cm-1) 3011, 2937, 2842, 1674,1647, 1601, 1511, 1419, 1325, 1251, 1169, 1115, 1068, 
1019, 951, 837; 1H NMR (400 MHz, CDCl3) δ 7.97-7.94 (m, 2H), 7.50-7.41 (m, 2H), 6.83-
6.80 (m, 2H), 5.25 (dd, J = 10.0, 4.0 Hz, 1H), 3.74 (s, 3H), 3.44 (dd, J = 16.4, 10.0 Hz, 1H), 
2.96 (s, 3H), 2.85 (s, 3H), 2.58 (dd, J = 16.4, 4.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ  
197.1, 170.4, 163.4, 143.2, 131.0, 129.0, 128.4, 125.80, 125.76, 113.6, 55.2, 48.7, 38.1, 36.9, 
35.3 (four sets of coincident aromatic resonances); TLC (40% EtOAc/hexanes) Rf 0.10.  For 
the 1H NMR spectrum, see the Appendix. 
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    2-(Cyclohexyldimethylsilanyl)-4-(4-methoxyphenyl)-N,N-dimethyl-4-oxo-3-[1-
(toluene-4-sulfonyl)-1H-indol-3-yl]-butyramide (12i-CDMS, Table 2-4, entry 9).  The 
title compound was prepared according to General Procedure B using 200 mg of acyl silane, 
245 mg of amide, 132 mg of phosphite, and 36.3 mg of LiN(SiMe3)2.  The reaction stirred for 
5 min after addition of the acyl silane.  Eluting the product through a silica gel plug using 
40% EtOAc/hexanes afforded a white solid in which attempts to recrystallize were 
unsuccessful.  Analytical data for title compound: IR (thin film, cm-1) 3055, 2928, 2848, 
2306, 1734, 1674, 1620, 1576, 1511, 1464, 1447, 1393, 1338, 1264, 1171, 1114, 1031, 999, 
886; 1H NMR (400 MHz, CDCl3) δ 8.03 (d, J = 8.8 Hz, 2H), 7.87-7.65 (m, 4H), 7.58-7.49 
(m, 1H), 7.45-7.33 (m, 2H), 6.84 (d, J = 8.8 Hz, 2H), 5.41 (d, J = 11.2, 1H), 3.76 (s, 3H), 
3.62 (d, J = 11.2, 1H), 2.75 (s, 3H), 2.58 (s, 3H), 1.93 (d, J = 12.4 Hz, 1H),  1.82-1.63 (m, 
4H), 1.40 (m, 5H), 0.91-0.76 (m, 1H), .01 (s, 3H), -0.01 (s, 3H); 13C NMR (100 MHz, 
CDCl3) δ 197.6, 173.7, 163.3, 137.3, 133.4, 132.3, 131.0, 129.3, 128.0, 127.9, 127.4, 127.3, 
126.6, 125.7, 125.6, 113.7, 55.3, 53.2, 37.9, 36.4, 35.1, 28.1, 28.0, 27.7, 27.6, 26.9, 24.9, -
4.9, -5.3 (two sets of coincident aromatic resonances); TLC (40% EtOAc/hexanes) Rf 0.37; 
mp 63-65 °C; Anal. Calcd for C31H39NO3Si:  C, 74.21; H, 7.83; N, 2.79.  Found:  C, 73.82; 
H, 7.93; N, 2.67. 
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    4-(4-Methoxyphenyl)-N,N-dimethyl-3-naphthalen-2-yl-4-oxo-butyramide (12i, Table 
2-4, entry 9).  The title compound was prepared according to General Procedure D from 12i-
CDMS.  Desilylation of the aliquot yielded the desired product in 90% ee.  The recrystallized 
material was desilylated and purified by flash chromatography with 1:1 EtOAc/hexanes.  The 
product was then recrystallized from EtOAc yielding the major enantiomer in the mother 
liquor which was concentrated to afford 161 mg (62%) of the product as white solid in 99% 
ee as determined by CSP-SFC analysis (tr-major 22.4 min, tr-minor 39.1 min); [α]D25 -150 (c = 
1.1, CH2Cl2); CSP-SFC chromatograms for the racemate, aliquot, and 99% ee samples are 
shown below.  Analytical data for title compound: IR (thin film, cm-1) 3055, 3016, 2935, 
2841, 2249, 1672, 1639, 1603, 1576, 1508, 1464, 1400, 1356, 1310, 1261, 1174, 1149, 1032, 
951, 910, 845, 823, 739, 648; 1H NMR (400 MHz, CDCl3) δ 8.09-8.01 (m, 2H), 7.82-7.74 
(m, 4H), 7.50-7.39 (m, 3H), 6.86-6.81 (m, 2H), 5.37 (dd, J = 10.0, 4.0 Hz, 1H), 3.77 (s, 3H), 
3.56 (dd, J = 16.0, 10.0 Hz, 1H), 3.01 (s, 3H), 2.92 (s, 3H), 2.68 (dd, J = 16.4, 4.0 Hz, 1H); 
13C NMR (100 MHz, CDCl3) δ 197.5, 170.7, 163.0, 136.5, 133.3, 132.2, 131.0, 129.2, 128.6, 
127.4, 127.3, 126.7, 126.0, 125.9, 125.7, 113.4, 55.0, 49.1, 38.2, 36.7, 35.1 (two sets of 
coincident aromatic resonances); TLC (40% EtOAc/hexanes) Rf 0.07; mp 65-68°C.  For the 
1H NMR spectrum, see the Appendix.   
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    4-(4-Methoxyphenyl)-3,N,N-trimethyl-4-oxo-butyramide (12j, Table 2-4, entry 10).  In 
the glovebox, 200 mg (0.72 mmol) of acyl silane and 91 mg (0.80 mmol, 1.1 equiv) of amide 
were added to a dry pear-shaped flask, while 132 mg (0.23 mmol, 0.3 equiv) of the 
TADDOL-phosphite and 36.3 mg (0.23 mmol, 0.3 equiv) of lithium hexamethyldisilazide 
(LiN(SiMe3)2) were added to a dry round-bottom flask with magnetic stir bar.  The flasks 
were removed from the glovebox and 20 mL of Et2O were added to the metallophosphite.  
The acyl silane/amide mixture was added to the stirring metallophosphite solution via 
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cannula and the delivery flask was rinsed using 10 mL of Et2O.  The resulting mixture was 
stirred under N2 at room temperature for 5 min.  The α-silyl-γ-ketoamide was obtained in 4:1 
diastereomeric ratio.  The solvent was removed in vacuo and the two diastereomers of the 
silylated products were separated by flash chromatography using 10% EtOAc/hexanes.  An 
aliquot was taken of the major diastereomer to determine the initial enantioselectivity of the 
reaction.  Recrystallization of the major diastereomer of the α-silyl-γ-ketoamide gave an 
insignificant increase in enantioselectivity, thus was desilylated and purified by flash 
chromatography using (1:1) EtOAc/hexanes to afford 87.9 mg (49%) of the product as a 
white solid in 85% ee as determined by CSP-SFC analysis (tr-major 7.2 min, tr-minor 26.6 min); 
[α]D25 -75.2 (c = 1.1, CH2Cl2); CSP-SFC chromatograms for the racemate, and 85% ee 
samples are shown below.  Analytical data for title compound: IR (thin film, cm-1) 2967, 
2933, 2841, 1672, 1646, 1600, 1510, 1457, 1416, 1367, 1308, 1247, 1156, 1030, 982, 843, 
761; 1H NMR (400 MHz, CDCl3) δ 7.98-7.95 (m, 2H), 6.90-6.87 (m, 2H), 4.04-3.96 (m, 1H) 
3.80 (s, 3H), 3.00-2.93 (m, 1H), 2.99 (s, 3H), 2.84 (s, 3H), 2.33 (dd, J = 16.3, 4.8 Hz, 1H), 
1.15 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 202.4, 171.2, 163.2, 130.7, 129.0, 
113.6, 55.3, 37.0, 36.9, 36.7, 35.2, 18.0 (one set of coincident aromatic resonances); TLC 
(40% EtOAc/hexanes); Rf  0.10.  For the 1H NMR spectrum, see the Appendix. 
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    3-(4-Methoxybenzoyl)-pentanoic acid dimethylamide (12k, Table 2-4, entry 11).  In 
the glovebox, 200 mg (0.72 mmol) of acyl silane and 101 mg (0.80 mmol, 1.1 equiv) of 
amide were added to a dry pear-shaped flask, while 134 mg (0.23 mmol, 0.3 equiv) of the 
TADDOL-phosphite and 37 mg (0.23 mmol, 0.3 equiv) of lithium hexamethyldisilazide 
(LiN(SiMe3)2) were added to a dry round-bottom flask with magnetic stir bar.  The flasks 
were removed from the glovebox and 20 mL of Et2O were added to the metallophosphite.  
The acyl silane/amide mixture was added to the stirring metallophosphite solution via 
cannula and the delivery flask was rinsed using 10 mL of Et2O.  The resulting mixture was 
stirred under N2 at room temperature for 2 h.  The α-silyl-γ-ketoamide was obtained in 1.4:1 
diastereomeric ratio.  The solvent was removed in vacuo and the diastereomeric mixture of 
the silylated products was desilylated and purified by flash chromatography using (1:1) 
EtOAc/hexanes to afford 148 mg (83%) of the product as a pale yellow oil in 73% ee as 
determined by CSP-SFC analysis (tr-major 7.0 min, tr-minor 19.4 min); [α]D25 -102.7 (c = 1.0, 
CH2Cl2); CSP-SFC chromatograms for the racemate, and 80% ee samples are shown below.  
Analytical data for title compound: IR (thin film, cm-1) 2964, 2932, 2875, 1644, 1601, 1575, 
1506, 1458, 1417, 1399, 1307, 1290, 1172, 1152, 1029, 947, 844, 758; 1H NMR (400 MHz, 
CDCl3) δ 8.02-7.99 (m, 2H), 6.93-6.89 (m, 2H), 3.96-3.91 (m, 1H) 3.84 (s, 3H), 3.01 (s, 3H), 
3.00-2.95 (m, 1H), 2.86 (s, 3H), 2.41 (dd, J = 16.2, 4.2 Hz, 1H), 1.72-1.66 (m, 1H), 1.55-1.49 
(m, 1H), 0.87 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 202.2, 171.4, 163.1, 130.6, 
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130.0, 113.5, 55.2, 43.0, 37.0, 35.2, 34.9, 25.6, 11.6 (one set of coincident aromatic 
resonances); TLC (50% EtOAc/hexanes); Rf 0.12. For the 1H NMR spectrum, see the 
Appendix. 
 
  
Silyl group transfer pathway study: 
SiCyMe2
O
MeO
NMe2
O
Ph
SiEt3
O
Ph NMe2
O
SiCyMe2
O
MeO
Ph NMe2
O
SiEt3
O
Ph NMe2
O
SiEt3
O
MeO
Ph NMe2
O
SiCyMe2
O
(40 mol %),
LiN(SiMe3)2 (40 mol %)
Et2O, 25 °C+
11
21 23
only adducts
10
7
20
22
O
P
OO
O
Me
iPr
Ph Ph
Ph Ph
H
O
 
    In the glovebox, 24.7 mg (0.089 mmol, 1.0 equiv) of (CDMS)-acyl silane and 20.4 mg 
(0.093 mmol, 1.0 equiv) of (TES)-acyl silane were added to a dry, 20-mL scintillation vial, 
while 55.4 mg (0.089 mmol, 0.4 equiv) of the (S, S)-menthone-phosphite, 15.1 mg (0.090 
mmol, 1.0 equiv) of LiN(SiMe3)2, 60.0 mg (0.34 mmol, 3.8 equiv) of the amide, and 16.6 mg 
(0.089 mmol, 1.0 equiv) of ferrocene were added to a second dry 20-mL scintillation vial.  
Four mL of Et2O were added to the metallophosphite mixture in order to dissolve all of the 
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contents of the vial, 2 mL of Et2O were added to the acyl silane.  The acyl silane solution was 
transferred to the metallophosphite mixture via pipet using 1 mL of Et2O to rinse and allowed 
to stir at room temperature for several hours.  When TLC analysis showed complete 
disappearance of acyl silane, the vial was removed from the glovebox and concentrated.  
Excess amide and metallophosphite were removed from the mixture by flash 
chromatography using 30% EtOAc/hexanes.  The product was analyzed by 1H NMR 
spectrum. For the 1H NMR spectrum, see the Appendix. 
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    4-(4-Methoxyphenyl)-N,N-dimethyl-4-oxo-3-phenyl-2-triethylsilanyl-butyramide (23).  
The title compound was prepared according to General Procedure A without subsequent 
TBAF deprotection using 49 mg of acyl silane, 60 mg of amide, 28 mg of phosphite, and 7.6 
mg of LHMDS in 7 mL of Et2O.  The reaction stirred for 1 h after addition of the acyl silane 
then removed from the glovebox and concentrated.  The product was isolated by flash 
chromatography using 30% EtOAc/hexanes afforded a clear oil.  Analytical data for title 
compound: IR (thin film, cm-1) 3443, 2957, 2876, 1680, 1627, 1493, 1447, 1335, 1273, 
1150, 1115, 1015, 878, 732, 699; 1H NMR (400 MHz, CDCl3) δ 8.04-7.94 (m, 2H), 7.51-
7.43 (m, 1H), 7.43-7.29 (m, 4H),  7.23-7.15 (m, 2H),  7.15-7.08 (m, 1H), 5.27 (d, J = 11.2, 
1H), 3.51 (d, J = 11.2, 1H), 2.76 (s, 3H), 2.63 (s, 3H), 0.98 (t, J = 8.0 Hz, 9H), 0.59 (q, J = 
8.0 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 198.9, 173.5, 139.2, 136.3, 132.9, 128.65, 
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128.59, 128.51, 128.4, 126.9, 55.6, 37.9, 35.7, 35.1, 7.48, 3.57; TLC (40% EtOAc/hexanes) 
Rf 0.37.  For the 1H NMR spectrum, see the Appendix. 
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1H NMR Spectrum for l-menthone-ketalized diester: 
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1H NMR Spectrum of l-menthone-ketalized-TADDOL clathrate: 
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1H NMR of l-menthone-ketalized-TADDOL-phosphite 6b: 
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1H NMR Spectrum for 10:  
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1H NMR Spectrum for 8: 
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1H NMR Spectrum for 12b-CDMS: 
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1H NMR Spectrum for 12b: 
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1H NMR for 12c-CDMS: 
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1H NMR Spectrum for 12c: 
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1H NMR Spectrum for 12e:  
 
 
 
 
 
 
 
 
 
 
 
 
O
NMe2
O
MeO
12e
O
 
 
 
 
 
 
 
 113
 
1H NMR Spectrum for 12f-CDMS: 
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1H NMR Spectrum for 12f: 
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1H NMR Spectrum for 12h-CDMS: 
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1H NMR Spectrum for 12h: 
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1H NMR Spectrum for 12i: 
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1H NMR Spectrum for 12j: 
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1H NMR Spectrum for 12k: 
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1H NMR Spectrum for Silyl-Group Transfer Study 
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1H NMR Spectrum for 21: 
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CHAPTER 3 
METALLOPHOSPHITE-CATALYZED NUCLEOPHILIC ACYLATION 
OF NITRONES TO YIELD SILYL-PROTECTED HYDROXYLAMINES 
 
3.1   Introduction 
    Numerous methods have been established for the asymmetric synthesis of both natural and 
unnatural α-amino acids,1-3 but the challenge of N-hydroxy-α-amino acids and derivatives 
thereof has received far less attention.  The latter represents a class of compounds that are 
noteworthy intermediates in metabolic pathways and can be found in human and animal 
tumors.4  Several studies are underway to determine the aptitude of α-amino acids as enzyme 
inhibitors which would make them a desirable synthetic target.  These substrates can also be 
manipulated as building blocks in the synthesis of stereochemically complex molecules as 
well as highly substituted heterocycles.5  Some current methods of obtaining N-hydroxy-α-
amino acid derivatives involve oxidation of primary amino acid esters,6,7 addition of 
organometallic reagents to nitrones,8,9 Mitsunobu displacement reaction,10 Petasis boronic 
acid-Mannich reaction,4 and rhodium-catalyzed addition of arylboronic acids to N-tert-
butanesulfinyl imino esters.11  While these are effective routes to the desired α-
hydroxyamino ketone, most require several steps8,9 or exploit a pre-existing α-amino 
carbonyl functionality.6,11   
 125
R" H
ON
R'
R
+ R"
O
R
H
N
R'Nu (cat.)
R" H
O
H
Nu
R"
OH
R
N
R'
Nu
(1)
 
Scheme 3-1. General Mechanism for Nucleophilic Acylation of Imines to Yield α-Amino Ketones 
    Acyl anion catalysis is an alluring approach to the synthesis of α-amino ketone derivatives 
via the acylation of imine derivatives (eq 1, Scheme 3-1).  The prevailing concern in this 
mechanism is that the imine must be less reactive than the aldehyde, so that the catalyst will 
add to the aldehyde forming the acyl anion equivalent. Conversely, the imine must be 
sufficiently reactive to compete with another molecule of aldehyde, so that the acyl anion 
equivalent does not add to an aldehyde, undergoing a benzoin condensation.  Murry and 
Frantz have successfully developed a procedure that meets the aforementioned criteria.  They 
demonstrated that thiazolium carbenes (A and base, Scheme 3-2) can catalyze the aza-
benzoin condensation with a range of aromatic and aliphatic aldehydes adding to imines 
formed in situ via tosylamides.12  One drawback of the reported protocol is that base is 
required in excess (most efficiently in 5-15 equivalents) to unmask the imine as well as to 
deprotonate the thiazolium salt producing the carbene catalyst.  This requirement could 
possibly hinder the development of an enantioselective variant of this methodology.  
Through deuterium studies, Miller found that excess base did cause enolization, thus, eroding 
the enantioselectivity and making the enantiomeric excess of the product time-dependent.13  
By executing the reactions in a fixed time frame, Miller and co-workers have established an 
enantioselective intermolecular aza-benzoin reaction catalyzed by thiazolylalanine-derived 
catalysts (B, Scheme 3-2).  
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Scheme 3-2. Thiazolium Carbene Catalyzed Aza-Benzoin Condensation 
    Metallophosphites have recently been employed as acyl anion catalysts in the asymmetric 
acylation of α,β-unsaturated amides to yield α-silyl-γ-ketoamides.14   We envisioned 
extending this development to the acylation of imine derivatives to synthesize α-amino 
ketone derivatives.  This protocol would diminish the obstacles in the aforementioned acyl 
anion catalysis given the low basicity of the phosphites and the unnecessary requirement of 
excess base and reaction completion in a time window.  Herein, we demonstrate that 
metallophosphites can efficiently catalyze the asymmetric acylation of nitrones to furnish N-
silyloxy-α-amino ketones in high yields and excellent enantioselectivities (Scheme 3-3).  
Further applications of these aza-benzoin condensation products involve the reduction of the 
N-silyloxy-α-amino ketones to secondary α-amino ketones. 
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Scheme 3-3. Proposed Metallophosphite-Catalyzed α-Amino Ketone Synthesis 
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3.2   Results and Discussion 
     The addition of benzoyl triethylsilane to N-sulfonyl, N-phosphoryl, and N-trimethylsilyl 
imines were first explored employing (R,R)-TADDOL-phosphite (5) and either LiN(SiMe3)2 
or nBuLi, due to their success in the metallophosphite-catalyzed cross silyl-benzoin and 
alkene acylation reactions (Scheme 3-4).15 Experiments were conducted in either 
tetrahydrofuran (THF), diethyl ether, or dichloromethane and proposed to proceed through 
the mechanism illustrated in Scheme 3-4 to yield α-amino ketones (6).   
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Scheme 3-4. Proposed Metallophosphite-Catalyzed Acylation of Imines 
    No reactivity was observed with N-sulfonyl or N-phosphoryl substrates and N-
trimethylsilyl imine afforded a complex mixture of products excluding the desired α-amino 
ketone (6).  Examination of the proposed catalytic cycle reveals that in order to regenerate 
the catalyst and yield 6, the reaction must proceed through a [1,4]-silyl transfer from O→N 
in a 5-membered transition state forming a new N–Si bond (C, Figure 3-1).  It was 
hypothesized that a 6-membered transition state involving a [1,5]-silyl transfer from O→O 
might be more feasible leading to the stronger O–Si bond (D, Figure 3-1), thus, nitrones were 
investigated as imine equivalents.     
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Figure 3-1. Transition State for Silyl Transfer 
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    A screen of bases and solvents was executed employing (R,R)-TADDOL-phosphite (5) to 
catalyze the addition of the para-methoxybenzoyl cyclohexyldimethylsilane (7), which 
performed well in alkene acylation,14 to both N-benzyl and N-para-methoxyphenyl (PMP, 8) 
nitrones.  The bases examined were LiN(SiMe3)2, nBuLi, NaN(SiMe3)2, NaH, and KH.  
Diethyl ether, toluene, tetrahydrofuran (THF), 2-MeTHF, dichloromethane, and tert-
butylmethylether were all investigated as solvents in the aza-benzoin reaction.  Under no 
conditions did the N-benzyl nitrone provide any reactivity.  By TLC analysis, complete 
consumption of the acyl silane was observed in reactions with the nitrone 8 using 20 mol % 
of phosphite 5 and 20 mol % LiN(SiMe3)2 or nBuLi, in either diethyl ether or 2-MeTHF.  
Unfortunately, the major product isolated was not the desired N-silyloxy-α-amino ketone (9) 
as determined by mass spectrometry, but rather imine 10.  Imine formation is proposed to 
occur as a result of proton abstraction from the desired product and subsequent elimination 
(Scheme 3-5).  We hypothesized that imine 10 may result from excess base present in the 
reaction conditions.  To minimize this decomposition pathway, further optimization 
experiments were conducted using a slight excess of phosphite with respect to base (25 mol 
% phosphite and 20 mol % base), thus consuming all of the base in metallophosphite 
formation.  An increase in the ratio of 9:10 was noted.  
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Scheme 3-5.  Proposed Mechanism for Imine Formation 
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    One possible way to circumvent the decomposition of 9 to imine 10 was to employ the 
much bulkier tert-butyldimethylsilyl acyl silane.  It was predicted that the desired compound 
would be more stable and less likely to undergo elimination.  This substitution provided 
lower reactivity, but did yield a small amount of the desired N-silyloxy-α-amine, which was 
isolated by flash chromatography on silica gel.  The corresponding imine was still present in 
the crude material, and in larger quantities after purification indicating that the instability of 
the product to silica gel as well as the reaction conditions.  While acquiring a 13C NMR 
spectrum of the pure, desired product, decomposition ensued and imine was also present in 
the sample at the end of the 12 h aquisition.  Thus, the product was slightly more stable than 
9, such that it could be isolated, but it was too reactive to be synthetically useful.  
    Our next route to synthesize α-amino ketone derivatives was to exploit the lability of a 
smaller silyl group to afford higher reactivity, but directly derivatize the presumed unstable 
N-silyloxy-α-amino ketone without purification.  This tandem reaction would eradicate 
further decomposition of the product due to isolation via flash chromatography.  The addition 
of benzoyl trimethylsilane 11 to nitrone 8 was catalyzed by phosphite 5 in diethyl ether to 
afford the N-silyloxy-α-amino ketone (12).  The N–O bond of 12 was first evaluated for 
reductive cleavage to yield the α-amino ketone (13).  Protocols studied involved treatment 
with zinc and copper acetate,16 Pd/C with several hydride sources (ammonium formate, 
hydrogen gas,17 formic acid18), Pearlman’s catalyst,19 Raney nickel,20 sodium naphthalenide, 
lithium naphthalenide,21 Rieke zinc,22,23 and lithium aluminum hydride (simultaneously 
reducing the ketone).  The conditions that yielded some quantity of the desired amine 13 and 
the enantioenrichment each delivered are illustrated in Table 3-1.  
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Table 3-1. Conditions Screened to Cleave N–O Bond of 12 
Ph SiMe3
O N
O PMP
Ph
+ Ph
O
Ph
H
N
PMP
phosphite 5 (25 mol %),
nBuLi (20 mol %), Et2O
11 8 13
Ph
O
Ph
N
PMP
OSiMe3 cleavage
of N-O bond
12  
entry conditionsa solvent temp. % ee of 13b 
1 Pd/C, NH4HCO2 MeOH rt 1-8c 
2 Pd/C, NH4HCO2 EtOH rt 11 
3 Pd/C, NH4HCO2 iPrOH rt 4 
4 Pd/C, NH4HCO2, HCO2H MeOH rt 1-29c 
5 Pd/C, NH4HCO2, HCO2H MeOH 0 °C 42-46c 
6 Pd/C, NH4HCO2, HCO2H EtOH 0 °C 43 
7 Pd/C, NH4HCO2, HCO2H EtOH -78 °C 43 
8 Pd/C, NH4HCO2, HCO2H H2O rt 18 
9 Pd/C, HCO2H MeOH rt 1 
10 Pd/C, HCO2H EtOH rt 16 
11 Pd/C, HCO2H EtOH 0 °C 46 
12d Li-naphthalenide THF rt 67 
13d Li-naphthalenide, ZnCl2 THF rt 0-2 
a After initial condensation, reaction was concentrated and residue was re-
dissolved in solvent.  Pd/C was slowly added, followed by hydride source, and 
the reaction stirred and monitored by TLC unless otherwise noted. b 
Determined by chiral CSP-SFC analysis. c Range of several reaction results. d 
12 was added under Ar via cannula transfer to Li-naphthalenide solution. 
 
    Most of the conditions afforded no reactivity or yielded the undesired imine product.  Of 
the successful reactions, palladium on carbon with ammonium formate or formic acid as the 
hydride source, and lithium naphthalenide cleanly delivered the enantioenriched desired 
secondary amine 13, but with inconsistent selectivities (entries 1, 4, 5).  The most puzzling 
aspect of these results was that they should have revealed identical enantiomeric excess 
values because the reaction protocol for the C–C bond forming event was unchanged.  To 
determine the source of the variable enantioselectivities two experiments were conducted.  
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From the reaction condition in entry 4 that yielded 13 in 29% ee, the imine was isolated and 
re-submitted to Pd/C catalysis with ammonium formate and formic acid.  After five minutes, 
TLC analysis revealed complete conversion to the desired amine, 13, which was determined 
to be racemic.  This result demonstrates that during the N–O cleavage reaction, the optical 
purity suffers due to hydrogenation of the imine side product.  Another reaction was 
conducted in which 12 was stirred with Pd/C without a hydrogen atmosphere.  After five 
minutes, by TLC analysis, the N-silyloxy-α-amino ketone had completely decomposed to the 
imine, thus, the metal itself was also apparently catalyzing product decomposition. 
    In a search for a more stable N-silyloxy-α-amino derivative that would withstand both 
purification and functionalization conditions, modification of the nitrone acyl anion acceptor 
was probed.  In proposing alternatives to the N-aryl substituent, it was desirable to have a 
straightforward method for removing this protecting group.  N-trityl, N-benzhydryl, and N-
ortho-methoxyphenyl (14) substituted nitrones were targeted.  Many attempts to synthesize 
the N-trityl nitrone were fruitless, but the synthesis of the benzhydryl nitrone was 
successful.24  Unfortunately, the aza-benzoin reaction progressed in <10% conversion.  The 
OMP nitrone 14, demonstrated that the amendment of the methoxyphenyl substituent was 
successfully afforded complete reaction conversion.  The N-silyloxy amino ketone 15a was 
isolable in appreciable quantities, thus, we had the opportunity to calculate the enantiomeric 
excess directly after forming the new C–C bond without derivatization.  With the new 
substrate in hand, solvents were again screened to determine the enantioselectivity of the aza-
benzoin condensation of benzoyl trimethylsilane (11) or benzoyl triethylsilane and nitrone 14 
using phosphite 5 (Table 3-2).  
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Table 3-2. Solvent Screen for Addition of Acyl Silanes to 14a 
Ph SiR3
O N
O OMP
Ph
+
Ph
O
Ph
N
OMP
phosphite 5 (25 mol %),
nBuLi (20 mol %)
solvent, rt
14
15
OSiR3
H
 
entry R solvent % ee of 15 
1 Me Et2O 87 
2 Et Et2O 80b 
3 Me THF NR 
4 Me PhMe NR 
5 Me CH2Cl2 NR 
6 Me tBuOMe NR 
7 Me 2-MeTHF 94 
8 Et 2-MeTHF 89b 
a PhC(O)SiR3 (1.0 equiv), PhCHNO(OMP) 
(1.5 equiv). b Determined by chiral CSP-SFC 
analysis. c <10% conversion. 
 
    The addition of acyl silane 11 to OMP nitrone 14 demonstrated a significant solvent effect.  
No reactivity was noted when THF, toluene, dichloromethane, or tert-butylmethylether were 
employed (entries 3-6).  The reaction proceeded nicely in diethyl ether affording the desired 
product 15a in 87% ee (entry 1); surprisingly 2-MeTHF also delivered the desired product in 
94% ee (entry 7) and slightly higher yield as determined by 1H NMR spectroscopy.  It is 
unclear why the reaction did not proceed in THF, which worked well for the cross silyl 
benzoin reaction, and yet optimally in 2-MeTHF.25  While the bulkier benzoyl triethylsilane 
did react with nitrone 14, <10% conversion was observed and the enantioselectivities were 
slightly lower than those products employing acyl silane 11 (entry 2 and 8).  Due to this fact 
and the intention of eventually cleaving the N–O bond, we continued our optimization using 
acyl silane 11 because the identity of the silyl group would not be important after cleavage.  
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Two reactions were conducted on a 100 milligram scale in which phosphite 5 catalyzed the 
addition of acyl silane 11 to nitrone 14, one in diethyl ether and the second in 2-MeTHF to 
determine the product yields.  Unfortunately, complete conversion did not correlate with high 
yields.  When the reaction was carried out in diethyl ether, the α-N-silyloxy-amino ketone 
(15a) formed was isolated in only 27% yield.  In 2-MeTHF, the yield of 15a was slightly 
higher, but still not synthetically useful at 36%. 
    Experiments performed in either 2-MeTHF or diethyl ether with all other variables 
identical and a mesitylene internal standard demonstrated that 15a was produced in yields 
ranging from 48-73%, as judged by 1H NMR spectroscopy.  Thus, there were two culprits 
deteriorating the isolation yields of the reactions—the purification procedure and a side 
reaction.  First, other flash chromatography conditions to purify the product were 
investigated to improve the correlation between NMR yields and isolated yields.  Silica gel 
(neutral and acidified with 2% acetic acid), alumina (basic, acidic, and neutral) and florisil all 
promoted a substantial amount of decomposition to the imine.  Further examination of the 1H 
NMR spectra revealed a second side product, other than imine 8, that was present in various 
amounts with an inverse correlation to yields of the desired product.  In reviewing the 1H 
NMR spectrum of the phosphite-catalyzed addition of acyl silane 11 to nitrone 8, the 
undesired product was observed in more substantial quantities than in the reactions with the 
N-ortho-methoxyphenyl nitrone, 14.  The side product from the acylation of nitrone 8 was 
isolated by flash chromatography.  Mass spectrometry confirmed 1H and 13C NMR analyses 
that the disfavored product was the deoxygenated nitrone (16).  This undesired product 16 
was presumed to occur via a Wittig-type reaction between the phosphite and nitrone as 
depicted in Scheme 3-6, resulting in the decomposition of the nitrone and consumption of the 
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catalyst.  To test this hypothesis, an experiment was conducted in which 1H NMR and 31P 
NMR spectra were taken of the pre-formed lithiophosphite complex in 2-MeTHF, and a 1H 
NMR spectrum was taken of nitrone 14 in 2-MeTHF.  A third sample was comprised of the 
lithiophosphite (1.0 equiv) and nitrone 14 (0.5 equiv) in 2-MeTHF for which both 1H NMR 
and 31P NMR spectra were taken immediately after addition of the solvent.  Multiple signals 
were present in the 31P NMR, and no conclusions could be drawn from those results.  The 1H 
NMR provided more conclusive results revealing that 20% of the nitrone 14 was present in 
the mixture and the main compound in the third sample appeared to be the deoxygenated 
nitrone 16. 
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Scheme 3-6.  Proposed Wittig-type Reaction Yielding the Deoxygenated Nitrone 
   At this juncture there were two issues that needed to be addressed, the Wittig-type 
pathway, and decomposition from purification.  It was acknowledged that the Wittig-type 
reaction was a result of phosphite addition directly to the nitrone.  One solution was to make 
the nitrone a less reactive electrophile either through steric hindrance or electronic alteration.  
One modification examined was the replacement of the ortho-methoxy substituent of nitrone 
14 with a bulkier tert-butyldimethylsiloxy (OTBS) group to give nitrone 17.  The hypothesis 
was that by slow addition of the acyl silane to the lithio-phosphite/nitrone mixture, the 
phosphite would first undergo nucleophilic addition to the acyl silane due to steric bulk 
associated with the nitrone.  Then, subsequent addition to the nitrone would occur due to the 
high concentration of the nitrone (1.5 equivalents) present in the reaction conditions.  After 
examining many protocols in the addition of acyl silane 11 to nitrone 17, only trace amounts 
of product were observed by 1H NMR spectroscopy.  One possible issue with this 
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modification is the multiple stages of the catalytic cycle at which silyl transfer can occur.  
With a second O–Si bond present, the desired silyl transfer could be halted due to the 
sterically hindered migration of the TBS group at other points in the reaction (Scheme 3-7).  
Nitrones bearing smaller silyloxy groups (e.g. trimethylsilyloxy or triethylsilyloxy 
substituents) in place of the ortho-methoxy functional group were targeted as starting 
materials to better facilitate silyl transfer.  Neither of these nitrone substrates was 
successfully synthesized to examine reactivity. 
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Scheme 3-7. Addition of 11 to 17 
    Instead of using excess nitrone in the reaction, the use of 1.0 equivalent of nitrone and 2.0 
equivalents of acyl silane was examined.24  The working hypothesis was that there was a 
relative rate effect based on reagent concentration.  Thus, with excess acyl silane present, the 
phosphite would first attack the acyl silane forming the silyloxyphosphonate anion instead of 
directly to the nitrone.  This would allow the aza-benzoin reaction to take place and not 
consume the nitrone or phosphite.  Phosphite (5) catalyzed the addition of acyl silane 11 (2.0 
equivalents) to nitrone 14 (1.0 equivalents) to obtain the desired product in 90% yield by 1H 
NMR spectroscopy.  Reducing the excess of acyl silane to 1.5 equivalents provided the N-
silyloxy-α-amino ketone 15a in nearly quantitative yield by 1H NMR (eq 2).  Further 
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experiments revealed that lowering the acyl silane to 1.2 equivalents was deleterious, 
affording the desired product in 65% yield. 
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3.3   Substrate Scope 
    Efforts to improve the purification of products via trituration and recrystallization were 
unsuccessful, however, flash chromatography on silica gel deactivated by 5% Et3N in hexane 
alleviated decomposition to the imine affording good isolated yields.  The substrate scope 
was examined using 20-25 mol % of Enders’ TADDOL-phosphite (5), 17-25 mol % 
LiN(SiMe3)2, benzoyl (11) and para-methoxybenzoyl trimethylsilane (18) (1.5 equiv) and 
several aromatic N-ortho-methoxyphenyl nitrones (1.0 equiv) (Table 3-3).  All reactions 
were conducted at room temperature and, unless otherwise noted, complete after 5 minutes.  
The electron-donating para-methoxyphenyl substrate demonstrated high reactivity and the 
products 15c and 15d proved to be more stable to silica gel (entries 3 and 4).  When an 
increasingly electron-donating para-dimethylaminophenyl substituent was employed (entries 
5 and 6), a longer reaction time of 45 minutes was observed and a significant decrease in 
reactivity with acyl silane 18 (entry 6).  Despite the sluggish reactivity, the 
enantioselectivities remained high for products 15e and 15f.  The sterically hindered ortho-
methylphenyl nitrone was tolerated in reactions with both 11 and 18 affording the products 
15g and 15h in comparable yields and enantioselectivities.  Finally, nitrones bearing an 
electron-withdrawing para-chlorophenyl substituent (entries 9 and 10) provided the best 
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reactivity, but were found to readily undergo elimination to the undesired imine when 
equimolar base and phosphite were employed.  This can be attributed to the increased acidity 
of the α-proton as a result of induction.  For this reason, the phosphite 5 was used in slight 
excess with respect to the lithium hexamethyldisilazide to afford the N-silyloxy-α-amino 
ketones 15i and 15j in high yields and selectivities.  The heavily electron-withdrawing para-
trifluoromethyphenyl nitrone, on the other hand, demonstrated low reactivity.  
Table 3-3. Substrate Scope of Metallophosphite-Catalyzed Aza-Benzoin Reactiona 
Ar SiMe3
O N
O
OMe
Ar'
+
O
P
OO
O
Me
Me
Ph Ph
Ph Ph
O
H
(R,R)
LiN(SiMe3)2, 2-MeTHF Ar
O
Ar'
N
O OMe
1514
5
SiMe3
 
entry Ar Ar ' mol % 5 mol % base % yield of 15b % ee of 15c 
1 Ph Ph 25 25 68 94 (15a) 
2 p-MeOPh Ph 25 25 77 97 (15b) 
3 Ph p-MeOPh 25 25 84 94 (15c) 
4  p-MeOPh p-MeOPh 25 25 94 97 (15d) 
5 Ph p-NMe2Ph 25 25 76 93 (15e) 
6 p-MeOPh p-NMe2Ph 25 25 36 94 (15f) 
7 Ph o-MePh 25 25 77 94 (15g) 
8 p-MeOPh o-MePh 25 25 86 96 (15h) 
9 Ph p-ClPh 20 17          82 96 (15i) 
10 p-MeOPh p-ClPh 20 17 93 97 (15j) 
a Acyl silane (1.5 equiv), 14 (1.0 equiv).  Reaction was stirred for 5 min at room 
temperature. b Isolated yield by flash chromatography on silica gel deactivated with Et3N. 
c Determined by chiral-SFC analysis.  
 
3.4   Manipulations of the N-Silyloxy-α-Amino Ketone 
    3.4.1   Cleavage of the O–Si Bond.  After examining the substrate scope, we wanted to 
re-visit some of the bond cleaving reactions which were initially of interest to us.  
 138
Desilylation or cleavage of the O–Si bond would afford the N-hydroxy-α-amino ketone.  
Mild to harsh methods were employed to achieve this transformation from N-silyloxy-α-
amino ketone 15a: 1M hydrochloric acid in methanol, tetrabutylammonium fluoride, and 
HF·pyridine in acetonitrile.  All protocols yielded intractable mixtures of products at 
temperatures ranging from 25 °C to -78 °C.  Treatment of N-silyloxy-α-amino ketone 15b, 
(derived N-silyloxyamine from acyl silane 18 and nitrone 14) with 1 M HCl in THF at 0 °C 
provided the desired O–Si bond cleavage, but only yielded 33% of the α-N-hydroxyamino 
ketone (19b, eq 3).24  Studies are still in progress to successfully accomplish this 
manipulation. 
PMP SiMe3
O N
O OMP
Ph
+ PMP
O
Ph
N
OMP
phosphite 5 (25 mol %),
nBuLi (20 mol %), Et2O
18 14 19b
PMP
O
Ph
N
OMP
OSiMe3 cleavage
of O-Si bond
15b
(3)
OH
 
    3.4.2   Cleavage of the N–O Bond.  Conditions were explored to reduce the N-silyloxy-α-
amino ketone (15a) to the secondary arylamine 20 by cleaving the N–O bond.  Before 
examining palladium hydrogenations, 15a was stirred in a reaction flask with palladium on 
carbon in methanol in the absence of a hydrogen atomosphere to determine whether the metal 
would decompose 15a to the analogous imine.  After two hours, TLC and 1H NMR analysis 
indicated that no reaction had occurred, highlighting the greater stability of the OMP product.  
This supported the further exploration of palladium hydrogenations as methods towards 
achieving the enantioenriched formation of α-amino ketones.  Methods that were used in the 
reaction optimization were again employed for the ortho-methoxyphenyl product 15a, as 
well as two protocols involving indium metal.  One method uses a stoichiometric amount of 
indium while the second is catalytic with a stoichiometric amount of zinc.26  All of the 
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previously examined techniques yielded a complex mixture of products in which the desired 
amine 20a was not observed.  Both procedures employing indium appear to be promising and 
are still under optimization, but initial results are listed in Table 3-4.  The N-silyloxy-α-
amine 15b has been reduced to the secondary amine 20b cleanly by indium metal in 70-80% 
yield with full retention of configuration.24 
Table 3-4. Screening Conditions to Cleave N–O Bond of 15a 
Ph SiMe3
O N
O OMP
Ph
+
Ph
O
Ph
H
N
OMP
1) phosphite 5 (25 mol %),
LiN(SiMe3)2 (20 mol %),
2-MeTHF
2) cleavage of N-O bond
11 14
20a
H
 
entry conditions solvent temp. % ee of 20a 
1 Li-naphthalide THF rt - 
2 Li-naphthalide, ZnCl2 THF rt - 
3 Raney Ni, H2(g) MeOH rt - 
4 Pd/C, H2(g) EtOAc rt - 
5 Pd/C, NH4HCO2 MeOH rt - 
6 Pd/C, NH4HCO2 MeOH 40°C 20 
7 In(0), NH4Cl(aq) EtOH rt -a 
8 Zn, In(0) (cat.), NH4Cl(aq) EtOH 60°C 23 
9 Zn, In(0) (cat.),  NH4Cl(aq) EtOH rt 71 
a Conditions did yield desired product in appreciable quantity, but further 
optimization went towards the catalytic use of indium due to cost. 
 
    3.4.3   Cleavage of the N–OMP Bond.    Another important manipulation of the N-
silyloxy-α-amine is cleavage of the N–OMP bond to yield the N-silyloxy secondary amine.  
Cerric ammonium nitrate (CAN) is the only reagent that has been explored in this 
transformation in which no desired product was formed.  Attempts to cleave the aromatic 
group of 15b with CAN, trifluoroacetic acid,27 and hypervalent iodide28 were to no avail.  
 140
Efforts will continue in this vein after the substrate scope and other bond cleavages have 
been optimized. 
3.5   Conclusions 
    We have extended our metallophosphite-catalyzed acyl anion formation to the aza-benzoin 
condensation affording N-silyloxy-α-amino ketones in excellent enantioselectivity from the 
corresponding acyl silane and nitrone.  While reaction yields have improved drastically, 
isolating the product has proven difficult due to decomposition, but other means of 
purification are currently being evaluated.  The resultant N-silyloxy-α-amino ketones show 
promise for further derivatizations to other synthetically useful compounds.  The 
metallophosphite-catalyzed aza-benzoin reaction represents the first use of acyl silanes in the 
synthesis of α-amino acid derivatives in high enantioselectivity. 
3.6   Experimental 
    Materials and Methods:  General.  Infrared (IR) spectra were obtained using a Nicolet 
560-E.S.P. infrared spectrometer.  Proton and carbon nuclear magnetic resonance spectra (1H 
and 13C NMR) were recorded on the following instruments:  Bruker model Avance 400 (1H 
NMR at 400 MHz and 13C NMR at 100 MHz) and Varian Gemini 300 (1H NMR at 300 MHz 
and 13C at 75 MHz) spectrometers with solvent resonance as the internal standard (1H NMR:  
CDCl3 at 7.26 ppm and 13C NMR:  CDCl3 at 77.0 ppm).  1H NMR data are reported as 
follows:  chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, sep = 
septet, m = multiplet), coupling constants (Hz), and integration.  Combustion analyses were 
preformed by Atlantic Microlab Inc., Norcross, GA.  Analytical thin layer chromatography 
(TLC) was performed on Whatman 0.25 mm silica gel 60 plates.  Visualization was 
accomplished with UV light and aqueous ceric ammonium nitrate molybdate solution 
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followed by heating.  Purification of the reaction products was carried out by flash 
chromatography using Sorbent Technologies silica gel 60 (32-63 µm).  All reactions were 
carried out under an atmosphere of nitrogen in flame-dried glassware with magnetic stirring.  
Reagents were massed out in the glovebox.  Yield refers to isolated yield of analytically pure 
material.  Yields are reported for a specific experiment and as a result may differ slightly 
from those found in the tables, which are averages of at least two experiments.  Diethyl ether 
was dried by passage through a column of neutral alumina under nitrogen prior to use.29  
Acyl silanes30-32 and nitrones33 were prepared by literature methods.  TADDOL-phosphites 
were synthesized via the method reported in a previous communication.34 
    General procedure (A) for the reaction of acyl silanes with nitrones.  In the glovebox, 
0.38 mmol of the nitrone, 0.57 mmol (1.5 equiv) of the acyl silane, 0.076 mmol (0.20 equiv) 
of the TADDOL-phosphite, and 0.065 mmol (0.17 equiv) of LHMDS was added to a dry 
round-bottomed flask with magnetic stir bar.  The flask was removed from the glovebox and 
6.0 mL of 2-MeTHF was added and the resulting solution was stirred under N2 at room 
temperature until starting material was consumed (TLC analysis).  The solvent was removed 
in vacuo, then purified by flash chromatography, eluting with the indicated solvent system to 
afford the pure N-silyloxy-α-amino ketone.  The enantioselectivity of the reaction was 
determined by CSP-SFC analysis by the specified conditions. 
SiMe3
O
MeO
N
O
OMe+
LiN(SiMe3)2, 2-MeTHF
MeO
O
N
O OMe
15d
(R,R)-TADDOL-phosphite 5
SiMe3
MeO
OMe  
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    1,2-bis(4-methoxyphenyl)-2-((2-methoxyphenyl)(trimethylsilyloxy)amino)ethanone 
(15d, entry 4, Table 3-3).  The title compound was prepared according to General Procedure 
A using 99.6 mg of nitrone, 121.0 mg of acyl silane, 49.9 mg of phosphite, 16.2 mg of 
LHMDS, and 6 mL of 2-MeTHF.  After 5 min at 25 °C, the reaction was complete and the 
product was concentrated and purified by flash chromatography with 20% EtOAc in hexanes 
to afford 147.3 mg (82%) of the product as a pale yellow thick oil in 97% ee.  Analytical data 
for title compound:  IR (thin film, cm-1) 3054, 2938, 2839, 1684, 1601, 1577, 1490, 1260, 
1172, 1113, 1031, 908, 846, 738; 1H NMR (400 MHz, CDCl3) δ 8.28 (d, J = 8.4 Hz, 2H), 
7.35-7.20 (m, 3H), 7.02-6.90 (m, 3H), 6.87-6.72 (m, 4H), 6.08 (s, 1H), 3.94 (s, 3H), 3.85 (s, 
3H), 3.73 (s, 3H), -0.18 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 194.2, 163.1, 159.1, 150.2, 
141.0, 132.5, 131.6, 130.1, 126.5, 124.7, 122.8, 120.6, 113.3, 112.8, 111.2, 72.8, 55.7, 55.3, 
55.0, -0.53 (four sets of coincidental signals); TLC (40% EtOAc in hexanes) Rf 0.55.  The 
enantioselectivity of the reaction was determined by CSP-SFC analysis ((S,S)-Chiralpak AS, 
7.0% MeOH, 2.0 mL/min, 150 bar, 25 °C, 240 nm). 
SiMe3
O N
O
OMe+
LiN(SiMe3)2, 2-MeTHF
O
N
O OMe
15g
(R,R)-TADDOL-phosphite 5
SiMe3
Me
Me
 
    2-((2-methoxyphenyl)(trimethylsilyloxy)amino)-1-phenyl-2-o-tolylethanone (15g, 
entry 7, Table 3-3).  The title compound was prepared according to General Procedure A 
using 1000 mg of nitrone, 110.8 mg of acyl silane, 53.1 mg of phosphite, 17.3 mg of 
LHMDS, and 6 mL of 2-MeTHF.  After 5 min at 25 °C, the reaction was complete and the 
product was concentrated and purified by flash chromatography with 20% EtOAc in hexanes 
to give the product in 92% ee, but yield could not be determined due to excessive 
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decomposition to the imine.  Analytical data for title compound:  IR (thin film, cm-1) 3061, 
2956, 2837, 1699, 1596, 1490, 1448, 1249, 1214, 1028, 844, 748; 1H NMR (400 MHz, 
CDCl3) δ 7.93-7.76 (m, 2H), 7.72-7.59 (m, 1H), 7.56-7.24 (m, 4H), 7.19-7.05 (m, 3H), 7.01-
6.86 (m, 2H), 6.68 (s, 1H), 3.89 (s, 3H), -0.29 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 196.4, 
149.4, 141.0, 137.8, 136.9, 133.9, 132.45, 132.39, 130.4, 128.4, 128.3, 128.1, 125.3, 124.1, 
123.0, 120.6, 111.0, 68.6, 55.6, -1.0 (two sets of coincidental signals); TLC (40% EtOAc in 
hexanes) Rf 0.76.  The enantioselectivity of the reaction was determined by CSP-SFC 
analysis ((S,S)-Whelk-O1, 5.0% MeOH, 2.0 mL/min, 200 bar, 25 °C, 240 nm). 
SiMe3
O N
O
OMe+
LiN(SiMe3)2, 2-MeTHF
O
N
O OMe
15i
(R,R)-TADDOL-phosphite 5
SiMe3
Cl Cl  
    2-(4-chlorophenyl)-2-((2-methoxyphenyl)(trimethylsilyloxy)amino)-1-phenylethanone 
(15i, entry 9, Table 3-3).  The title compound was prepared according to General Procedure 
A using 100.0 mg of nitrone, 102.1 mg of acyl silane, 39.2 mg of phosphite, 10.9 mg of 
LHMDS, and 6 mL of 2-MeTHF.  After 5 min at 25 °C, the reaction was complete and the 
product was concentrated and purified by flash chromatography with 20% EtOAc in hexanes 
to afford the product in 96% ee, but yield could not be determined due to excessive 
decomposition to the imine.  Analytical data for title compound:  IR (thin film, cm-1) 3054, 
2964, 2839, 1695, 1594, 1490, 1449, 1265, 1208, 1091, 1017, 905, 848, 742; 1H NMR (400 
MHz, CDCl3) δ 8.35 (d, J = 7.6 Hz, 2H), 7.62-7.42 (m, 3H), 7.32 (d, J = 8.4, 2H), 7.23-7.09 
(m, 3H), 7.04-6.95 (m, 1H), 6.97 (d, J = 7.2 Hz, 1H), 6.80-6.70 (m, 1H), 3.97 (s, 3H), -0.20 
(s, 9H); 13C NMR (100 MHz, CDCl3) δ 195.1, 150.0, 140.5, 136.7, 133.8, 132.8, 132.4, 
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129.5, 128.3, 127.6, 125.0, 122.5, 120.7, 111.1, 72.8, 55.7, -0.60 (four sets of coincidental 
signals); TLC (40% EtOAc in hexanes) Rf 0.63.  The enantioselectivity of the reaction was 
determined by CSP-SFC analysis ((S,S)-Chiralpak-AS, 7.0% MeOH, 2.0 mL/min, 150 bar, 
25 °C, 240 nm). 
SiMe3
O N
O
OMe+
LiN(SiMe3)2, 2-MeTHF
O
N
O OMe
15j
(R,R)-TADDOL-phosphite 5
SiMe3
Cl
Cl
MeO
MeO
 
    2-(4-chlorophenyl)-1-(4-methoxyphenyl)-2-((2-methoxyphenyl)(trimethylsilyloxy)-
amino)ethanone (15j, entry 10, Table 3-3).  The title compound was prepared according to 
General Procedure A using 99.6 mg of nitrone, 120.4 mg of acyl silane, 39.2 mg of 
phosphite, 10.8 mg of LHMDS, and 6 mL of 2-MeTHF.  After 5 min at 25 °C, the reaction 
was complete and the product was concentrated and purified by flash chromatography with 
20% EtOAc in hexanes to afford the product in 69% yield and 96% ee.  Analytical data for 
title compound:  IR (thin film, cm-1) 3056, 2959, 2840, 1684, 1601, 1577, 1512, 1490, 1264, 
1172, 1117, 1092, 1029, 909, 845, 740; 1H NMR (400 MHz, CDCl3) δ 8.36 (d, J = 8.8 Hz, 
2H), 7.31 (d, J = 8.0, 2H), 7.21-7.08 (m, 3H), 7.01-6.90 (m, 3H), 6.83 (d, J = 8.0 Hz, 1H), 
6.73 (t, J = 7.6 Hz, 1H), 6.08 (s, 1H), 3.97 (s, 3H), 3.88 (s, 3H), -0.20 (s, 9H); 13C NMR (100 
MHz, CDCl3) δ 193.5, 163.3, 149.9, 140.6, 133.7, 132.8, 132.6, 131.9, 129.8, 127.5, 124.9, 
122.4, 120.7, 113.4, 111.2, 72.5, 55.7, 55.4, -0.55 (four sets of coincidental signals); TLC 
(40% EtOAc in hexanes) Rf 0.67.  The enantioselectivity of the reaction was determined by 
CSP-SFC analysis ((S,S)-Chiralpak-AS, 7.0% MeOH, 2.0 mL/min, 150 bar, 25 °C, 240 nm). 
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